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Rationale for adult hearing screening 
According to the World Health Organisation, someone is hearing-impaired when the 
unaided pure-tone audiometric hearing threshold is greater than 25 dB in the better 
ear, averaged across 0.5, 1, 2, and 4 kHz (World Health Organisation, 2013). The 
prevalence of hearing impairment increases with age, ranging from approximately 11% 
in adults aged 55–59 years to 88% in adults aged ≥ 85 years (Kiely et al., 2012a).  
Untreated hearing loss has a variety of negative consequences, including social isola-
tion, loneliness, psychosocial distress, anxiety, and depression (Gopinath et al., 2009; 
Monzani et al., 2008; Nachtegaal et al., 2009). As hearing loss affects communication, 
it also decreases the quality of life of the spouse, other relatives, and close friends of 
the person with hearing loss (Scarinci et al., 2008; Wallhagen et al., 2004).  
Hearing aid fitting forms the conventional rehabilitation option, although several 
alternatives are available as well. Hearing aid fitting can increase the quality of life of 
people with a hearing loss (Chia et al., 2007; Chisolm et al., 2007; Vuorialho et al., 
2006). It is a cost-effective intervention (Chao & Chen, 2008; Joore et al., 2003a). 
Depending on the type of hearing aid, between 89% and 100% of people find hearing 
aids acceptable (Davis et al., 2007). Nevertheless, help-seeking and hearing aid uptake 
among adults with hearing loss is low. Duijvestijn and colleagues (2003), for example, 
found that although 56% of the hearing-impaired adults (aged ≥ 55 years) had sought 
professional help, only 45% of these help-seekers took up hearing aids.  
Adults with hearing loss generally postpone seeking help until five to ten years after 
the onset of their hearing loss (Davis et al., 2007; Laplante-Lévesque et al., 2012a; 
Leegwater & Lammerts van Bueren, 2005; Meister et al., 2008). The main reasons for 
the delay in help-seeking is unawareness or denial of the hearing loss and a belief that 
one can still manage without hearing aids (Van Thiel, 2010).  
Hearing loss is objectively measurable before an affected individual becomes aware of 
it. In the period between the onset of the hearing loss and help-seeking, the hearing 
loss can already negatively affect his or her well-being and the well-being of his or her 
significant others. Timely help-seeking and early rehabilitation is important because 
adults who start using hearing aids early – that is, at a relatively young age or when 
their hearing loss is still relatively mild – do not only have more years with benefit, but 
also have more benefit from their hearing aids during later life than adults who started 
using hearing aids late (Davis et al., 2007). This can be explained by the fact that older 
adults have more difficulty adapting to hearing aids and learning to use new technol-
ogy because of poorer cognitive performance and poorer learning ability (Humes, 
2007; Janacsek et al., 2012). Poorer cognitive performance is also associated with a 
difficulty formulating needs during a hearing aid trial, resulting in a suboptimal hearing 
aid fit (Lunner, 2003). Besides, older adults have poorer manual dexterity, which 
causes greater difficulty in handling hearing aids and less benefit (Kumar et al., 2000). 
Adult hearing screening has been proposed as a potential strategy to motivate adults 
to seek help earlier (Davis et al., 2007; Thodi et al., 2013; Yueh et al., 2003). The 
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objective of this thesis is to gain more insight into how to design an adult hearing 
screening programme for nationwide implementation. 
Criteria for screening programmes 
To be eligible for nationwide implementation, a screening programme should meet 
several universal criteria. The most frequently used criteria are those of the World 
Health Organisation formulated by Wilson and Jungner in 1968 and supplemented by 
Andermann and colleagues in 2008 (Table 1). The criteria relate to four topics: the 
rationale for screening, the benefits and harms of screening, the screening tests, and 
organisational aspects. 
Table 1. World Health Organisation criteria for screening 
RATIONALE FOR SCREENING 
 The condition sought should be an important health problem  
 There should be an accepted treatment for patients with recognised disease 
 The screening programme should respond to a recognised need  
 The natural history of the condition, including development from latent to declared disease, should be adequately   
   understood 
 There should be a recognisable latent or early symptomatic stage 
BENEFITS AND HARMS OF SCREENING 
 There should be scientific evidence of screening programme effectiveness 
 The overall benefits of screening should outweigh the harm 
SCREENING TESTS 
 There should be a suitable test or examination 
 The test should be acceptable to the population  
 There should be an agreed policy on whom to treat as patients 
ORGANISATIONAL ASPECTS 
 Facilities for diagnosis and treatment should be available 
 The objectives of screening should be defined at the outset  
 Programme evaluation should be planned from the outset  
 The programme should integrate education, testing, clinical services and programme management 
 The programme should ensure informed choice, confidentiality and respect for autonomy  
 Case-finding should be a continuing process and not a “once and for all” project 
 The cost of case-finding (including diagnosis and treatment of patients diagnosed) should be economically balanced  
   in relation to possible expenditure on medical care as a whole  
 There should be a defined target population 
 The programme should promote equity and access to screening for the entire target population  
 There should be quality assurance, with mechanisms to minimise potential risks of screening  
Rationale for screening  
The condition sought should be an important health problem, there should be an 
accepted treatment for patients with recognised disease, the screening programme 
should respond to a recognised need, the natural history of the condition should be 
adequately understood, and there should be a recognisable latent or early sympto-
matic stage. As outlined at the beginning of this chapter, untreated hearing loss is an 
important health problem because of the large number of people involved and the 
negative consequences for affected people and their significant others. Although 
hearing loss cannot be cured, acceptable, effective, and cost-effective rehabilitation 
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options (i.e. treatments for the consequences of hearing loss) are available (Chao & 
Chen, 2008; Chia et al., 2007; Chisolm et al., 2007; Davis et al., 2007; Joore et al., 
2003a; Vuorialho et al., 2006). The fact that hearing-impaired adults do not seek help 
or wait several years before seeking help supports the need for screening to underline 
the importance of good hearing, to make people earlier aware of their decreased 
hearing acuity, and to stimulate help-seeking. Hearing deterioration is a normal part of 
the aging process, generally starting at an age of 40 to 50 years and slowly progressing 
during later life. Hearing loss is objectively detectable at an early (latent) stage. Thus, 
the criteria regarding the rationale for screening are met. 
Benefits and harms of screening 
There should be scientific evidence of screening programme effectiveness and the 
overall benefits of screening should outweigh the harm. Studies in the United Kingdom 
showed that screening can triple hearing aid ownership among middle-aged adults 
(Davis et al., 1992; Stephens et al., 1990). Additionally, the only randomised controlled 
trial to the effectiveness of screening so far showed that screening with a hand-held 
audiometric device can almost double the 1-year incidence of hearing aid use (Yueh et 
al., 2010). These studies indicate that screening is effective indeed. The potential 
harms of screening have not been studied yet. It is possible that screening causes 
harmful psychosocial effects as a result of labelling.  
Screening tests 
There should be a suitable and acceptable screening test and an agreed policy on 
whom to treat as patients. Adult hearing screening tests meet these criteria. Many 
hearing screening tests are available nowadays, including the tune fork test, whispered 
voice test, speech-in-noise telephone test, speech-in-noise internet test, screening 
questionnaires, and hand-held audiometric devices. The tests are reasonably accurate 
although for some tests agreement lacks on whom to label as hearing-impaired (see 
reviews by Chou et al. (2011) and Bagai et al. (2006)). The acceptability of the tests is 
high (Davis et al., 2007; Koopman et al., 2008). 
Organisational aspects 
Criteria regarding organisational aspects concern feasibility, accessibility, target 
groups, confidentiality, respect for autonomy, continuity, quality assurance, costs, and 
programme evaluation (Table 1). A national adult hearing screening programme for 
Dutch citizens has been considered but not implemented yet due to a lack of infor-
mation on some organisational aspects. The Advisory Council on Health Research 
concluded that more information is needed on the cost benefit ratio and organisa-
tional strategies to optimise this ratio (Raad voor Gezondheidsonderzoek, 2003). More 
specific, they recommended research to the cost-effectiveness of screening, the right 
time for screening, the best target population, the acceptability of screening, the 
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willingness to participate, strategies to improve participation, and factors that limit the 
effectiveness. 
Objective and research questions 
The objective of this thesis is to gain more insight into how to design an adult hearing 
screening programme for nationwide implementation. The research questions are: 
1. Does screening cause harm and how can potential harms be prevented or mini-
mised? 
2. What should the screening programme include to prevent non-use of dispensed 
hearing aids? 
3. What is the best target population? 
4. What is the best screen instrument? 
Outline of the thesis 
The overall benefits of a screening programme should outweigh the harms and the 
programme should include quality assurance with mechanisms to minimise these 
harms (Andermann et al., 2008). To identify potential harms of screening and clues for 
prevention or minimisation of these harms, we performed a qualitative study on the 
reactions of adults without hearing complaints to being labelled as hearing-impaired 
based on an objective hearing screening test. The specific population was selected 
because we expected that, if screening would have a harmful effect, it would most 
likely become apparent in adults who unexpectedly screened positive for hearing 
impairment. This study is described in Chapter 2. The screening test used was the 
Klangtester V3 Terminal, developed by Klangspektrum GmbH, that was adapted to 
present the screen outcome as an ‘ear age’. The value of the ear age and the suitability 
of the adapted Klangtester as screen instrument is discussed in Chapter 2 as well. 
Another requirement a national screening programme should fulfil is that there should 
be an acceptable treatment (Wilson & Jungner, 1968). Hearing aid fitting, the conven-
tional rehabilitation option for hearing impairment, is generally considered acceptable 
(Davis et al., 2007). Nevertheless, up to a quarter of the people who own hearing aids 
never use them (Bertoli et al., 2009; Hartley et al., 2010; Kochkin, 2010). In current 
practice, people seek help for their hearing loss and take up hearing aids when they 
perceive a need for rehabilitation. In a screening setting, people who take up hearing 
aids will in general have less severe hearing complaints and perceive less of a need for 
rehabilitation. Consequently, the likelihood of non-use might be even higher. Non-use 
of dispensed hearing aids is undesirable for the health benefits missed as well as for 
the inefficient use of financial resources. Preventing non-use will improve the cost 
benefit ratio of screening. Chapter 3 reports on a qualitative study that aimed to 
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increase our understanding of adults who own but not use hearing aids in order to get 
clues for non-use prevention. 
The subsequent three chapters in this thesis address the selection of the target popu-
lation. The target population should be clearly defined before a screening programme 
is considered for nationwide implementation (Andermann et al., 2008). Chapter 4 
describes the effects and costs of a hearing screening and rehabilitation programme 
that was organised in eight residential care homes for the elderly in the Netherlands. 
We hypothesised that easy accessibility of hearing care professionals would be a great 
facilitator for help-seeking and hearing aid uptake. Based on the effects and costs, we 
discuss whether or not people living in care homes for the elderly form a suitable 
target for screening. Chapter 5 reports on an observational study to predictors of 
hearing acuity. Cross-sectional as well as longitudinal analysis were performed. The 
study aimed to give insight into the value of high-risk group screening with target 
selection based on the presence of comorbidities and on demographic, anthropo-
metric, and life style factors. Chapter 6 presents a state transition model used to assess 
the optimal target age for screening based on analysis of the cost-effectiveness of 
several screening strategies.  
The state transition model from Chapter 6 was also used to determine what type of 
screening (screen instrument) would be best. We analysed and compared the costs 
and effects of the following four types of screening: telephone screening, internet 
screening, screening at the practice of the general practitioner (GP) with a hand-held 
screening device, and screening at the GP practice with a standard audiometer. 
Chapter 7 gives a summary of the main findings with regard to the research questions, 
followed by a discussion about methodological issues. The chapter ends with a 
statement of our conclusions and recommendations. Finally, Chapter 8 addresses 
valorisation.   
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Abstract 
This qualitative study explored adults’ reactions to being labelled as hearing-impaired 
based on an objective hearing screening test. Individual face-to-face, semi-structured 
interviews were conducted with seven adults (aged 52–79 years) without hearing 
complaints who screened positive for a hearing impairment. Thematic analysis of the 
interviews showed that the positive screen outcome prompted the participants to 
reflect on the test validity, their perceived hearing ability, their risk for hearing loss, 
their perceived need for professional help, and their willingness to start using hearing 
aids. The outcome did not stimulate them to start using hearing aids. However, it 
caused surprise, disbelief, incomprehension, disappointment, concern, emotional pain, 
and sadness, which are emotions known to be associated with an increasing awareness 
of hearing loss. This indicates that objective hearing screening can incite or accelerate 
the hearing loss recognition process and might indirectly motivate people to seek help 
earlier. A disadvantage of objective screening was that it could cause feelings of 
indignation (indicator of harm) but the results suggest that this can probably be over-
come by using a highly accurate objective test under optimal testing conditions.  
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Introduction 
Hearing loss forms a threat for general public health because it affects many people 
and can have negative consequences when left untreated (Arlinger, 2003). Age-related 
hearing loss cannot yet be cured, but hearing complaints can be reduced effectively by 
the use of hearing aids (Chisolm et al., 2007; Laplante-Lévesque et al., 2012a; 
Vuorialho et al., 2006). Nevertheless, adults generally postpone seeking help until five 
to ten years after the onset of their hearing loss (Davis et al., 2007; Laplante-Lévesque 
et al., 2012a; Leegwater & Lammerts van Bueren, 2005; Meister et al., 2008). People 
mainly postpone seeking help because they are unaware or in denial of the hearing 
loss and believe they can still manage without hearing aids (Van Thiel, 2010). 
Programmes for adult hearing screening are an effective way to improve hearing aid 
uptake (Davis et al., 1992; Stephens et al., 1990; Yueh et al., 2010). In order to imple-
ment large-scale testing, screening programmes should meet several criteria 
(Andermann et al., 2008; Wilson & Jungner, 1968).  One important criterion, besides 
improving health outcomes, is that the benefit of the screening programme should 
outweigh the physical and emotional harm caused by the screening test. Literature 
reviews that have investigated whether adult hearing screening meets these criteria 
conclude that the potential harm of adult hearing screening has never been evaluated 
in randomised trials or controlled observational studies (Baguley, 2008; Chou et al., 
2011; Mulrow & Lichtenstein, 1991). There is one qualitative focus group study that 
examined people’s experience of participation in a hearing screening programme 
(Davis et al., 2007). Although the participants felt the after-care could have been 
better organised, they were enthusiastic about the screening itself and did not report 
any harm due to the screening. All of the participants in the focus group started using 
hearing aids following the screening and felt that the hearing aids improved their lives, 
which might explain why none of them reported harm or were negative about the 
screening programme. Furthermore, the participants may have forgotten the short-
term harm associated with the screening, because the focus group study took place 
two years after the test. 
To our knowledge, no existing studies have examined the short-term impact of hearing 
screening on adults without hearing complaints. However, literature is available about 
the short-term reactions that people have to being diagnosed with a hearing impair-
ment based on a standard clinical diagnostic tests. Martin and colleagues (1989) 
conducted a study in which they asked participants to indicate in a list of emotions 
how they felt during the hearing evaluation and found that the initial emotional 
reactions to the diagnosis included (from most to least frequently) sadness, worry, 
fear, disappointment, anger, surprise, shock, and no reaction at all. Some female 
participants also reported feelings of embarrassment, depression, relief, and anxiety. 
In addition, Weinberger (1980) found that being officially diagnosed with a hearing 
impairment significantly lowered participants’ self-esteem, satisfaction with work, and 
satisfaction with relationships with significant others (all assessed two weeks after the 
diagnosis). However, when assessed two months after the diagnosis, those measures 
had returned to the same level as before diagnosis. An important difference between 
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people who request a full diagnostic hearing test, like Martin’s and Weinberger’s study 
participants, and people who participate in a screening programme is that the former 
generally suspect they have a hearing loss, while the latter often do not. Consequently, 
their reactions to a positive test outcome might differ. 
This qualitative study aimed to explore the short-term impact of a positive hearing 
screen outcome. We were particularly interested in the potential harm of adult hear-
ing screening and believed that, if a positive screening test outcome caused harm, this 
would be most apparent in people who had been unaware of the hearing loss. Accord-
ingly, we only included participants who reported before the screening that they had 
never or only occasionally had hearing complaints. Exploring how adults experience 
hearing screening will add valuable information to the discussion about whether or not 
adult hearing screening programmes should be implemented. 
Methods 
This study was conducted in the Netherlands between July 2011 and April 2013 and 
received ethical clearance from the Medical Research Ethics Committee of the 
Maastricht University Medical Centre. A qualitative approach was chosen because of 
the exploratory character of this study. 
Screening device 
We used the commercially available screening device Klangtester V3 Terminal, devel-
oped by Klangspektrum GmbH. This device produces five tones (1, 2, 4, 6, and 8 kHz) at 
an intensity level that slowly increases from -5 dB HL to +75 dB HL. The person being 
tested wears circumaural headphones and is instructed to press a button as soon as he 
or she hears a tone. The next tone is played after the button is pressed or when a 
maximum intensity level has been reached. The five tones are first presented to the 
right ear and then to the left ear. The outcome is printed immediately after the last 
tone. The print-out shows a coloured graph with the rating of the hearing status 
(good/green, sufficient/yellow, decreased/orange, and insufficient/red) on the y-axis 
and the pitch on the x-axis (lowest tone on the left side; highest tone on the right side). 
Five points are shown on the graph for each ear (one point for each of the five tones) 
and these points are connected with a line. 
In a study on cardiovascular prevention, Soureti and colleagues (2010) found that 
people were more likely to make lifestyle changes when told what their heart age was 
than when given a risk percentage. Based on Soureti’s results, we expected that 
informing people with a hearing loss about their ear age would be more effective in 
stimulating them to seek help and start using hearing aids than showing them an 
audiogram. Researchers at the Dutch National Hearing Foundation (Nationale 
Hoorstichting) and the Audiological Centre at the Leiden University Medical Centre 
have developed a formula to calculate a person’s ear age based on his or her hearing 
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thresholds and the age-specific population norms (Spoor et al., 1969). They have 
adapted the Klangtester so that the ear age and its interpretation are printed as well. 
Possible ear age outcomes are: < 30, 30-45, 53, 58, 62, 65, 68, 71, 74, 77, 80, and 80+. 
People with an ear age of 53 or lower are informed that their hearing is good; people 
with an ear age between 58 and 65 that their hearing is sufficient, people with an ear 
age between 68 and 74 that they probably have a hearing loss, and people with an ear 
age of 77 or higher that they have a hearing loss. People with an ear age of 68 or 
higher are advised to consider having extensive diagnostic testing. 
Sampling 
For recruitment, we cooperated with a Dutch company with a number of hearing aid 
shops in the south of the Netherlands where people can go for free hearing screening. 
The company regularly organises screenings at community locations such as super-
markets and weekly markets. The company also has access to the municipal personal 
records database and randomly calls older adults to offer their services and inform 
them of the possibility of making an appointment for a hearing test. 
Employees at this company were instructed to ask customers prior to the screening 
whether they had ever had hearing complaints and, if so, how often. People who 
reported to never or only occasionally have hearing complaints but who screened 
positive for a hearing impairment (ear age ≥ 68) were eligible for participation in the 
study. Eligibility was furthermore restricted to adults aged 40 years and above who 
had decided to do the hearing screening test for reasons other than doubts about their 
hearing and who had never before received a positive outcome on a hearing test. 
The employees informed the eligible people about the study. If they were interested in 
participating, their contact details were given to the researcher (AL) who then called 
them to make an appointment for a face-to-face interview within two weeks. Partici-
pant recruitment continued until data saturation was reached, that is, until new data 
no longer influenced the study results (Knudsen et al., 2012). 
Participants 
The details of the seven participants are presented in Table 1. Two of them lived alone 
(P6, P7); the others were married and lived with their husband or wife. Only the two 
youngest participants held a paid job (P4, P6). One participant was not screened with 
the Klangtester (P3), but had his hearing directly tested with pure-tone audiometry 
instead. We included him in the study because he tested positive for a hearing 
impairment and met all other inclusion criteria. 
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Table 1. Participant details 
ID Gender Age Ear 
age 
Hearing 
complaints 
Screening situation 
P1 Female 79 80+ Never P1 was approached by the hearing aid dispenser at the weekly 
market. Because she failed the hearing screening test, she was invited 
for a full audiometric assessment two weeks later in the hearing aid 
dispenser’s shop. There, her hearing loss was measured to be > 35 dB 
(best-ear pure-tone average at 1, 2, and 4 kHz).  
P2 Male 72 68 Never P2 entered the hearing aid dispenser’s shop to borrow a pencil, saw 
the Klangtester, and asked if he could do the test. When he failed the 
hearing screening test, he immediately requested rescreening (same 
test), which he again failed.  
P3 Male 73  Occasionally P3 was persuaded over the telephone to make an appointment for 
pure-tone audiometry at a local hearing aid dispenser shop.  
P4 Female 57 68 Occasionally P4 participated in a hearing screening that was part of a driving 
proficiency refresher course for seniors. 
P5 Male 73 80+ Occasionally P5 visited the open day of the hospital, saw the Klangtester, and 
decided to do the test. 
P6 Male 52 68 Never P6 had to undergo a hearing screening as part of an intake test for 
participation in a drug trial. When he failed the hearing screening, he 
immediately requested rescreening (same test), which he again failed. 
Two weeks later, he went to the hearing aid dispenser’s shop for a 
different hearing screening test (Klangtester). 
P7 Female 64 68 Never P7 participated in a hearing screening organised at the supermarket. 
Data collection 
A researcher (AL), who had been trained in interviewing, visited the participants at 
their homes for a semi-structured interview within two weeks after the screening. 
Written informed consent for participation in the study was obtained before the start 
of the interview. The interviews were audio-recorded and took place in the absence of 
a third party (partner or other housemate). The interviews had an open character, like 
a normal conversation, and took approximately one hour. A topic list was used to 
make sure all of the following topics were covered during the conversation: daily 
activities, subjective judgment of the participant’s hearing status, reasons for partici-
pation in the screening, opinion about the screening test, opinion about the staff 
member (hearing aid dispenser), emotional impact of the screen outcome, associa-
tions with hearing impairment, actions following the screening, and views on hearing 
aids. 
Data analysis 
The audio-recorded interviews were transcribed verbatim and analysed using an 
inductive thematic analysis conducted from a realist perspective (Braun & Clarke, 
2006). An inductive thematic analysis involves a process that starts by assigning codes 
to sentences and fragments of the transcripts without trying to fit them into a pre-
existing code frame. Three researchers (AL, MJ, LA) independently coded the 
interviews. After each transcript was coded, the researchers discussed the coding and 
reached consensus. They also discussed how different codes could be combined to 
form an overarching theme. Furthermore, themes identified earlier were reviewed to 
check whether the codes within a theme still cohered together meaningfully. If they 
did not, new themes were created or current themes were merged or split. The main 
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themes, sub-themes, and sub-sub-themes were organised into a ‘thematic map’. Each 
interview was transcribed (AL), coded (AL, MJ, LA), and discussed (AL, MJ, LA) before a 
next interview was conducted (AL). A professional translation agency translated 
interview excerpts from Dutch into English for this report. 
Results 
We grouped the participants’ reactions to the positive hearing screen outcome into 
three themes: (1) reflecting on the plausibility, (2) considering help-seeking and 
hearing aid uptake, and (3) emotional reaction. The themes are described below and 
are illustrated with interview excerpts. Table 2 shows the thematic map. 
Theme 1: Reflecting on the plausibility 
Evaluation of the test validity 
Evaluating the test validity seemed to be a natural first reaction to a positive screen 
outcome. Participants judged the test validity positively if they had experienced the 
headphones to be soundproof (P3, P7), had not felt distracted during the screening 
(P3, P7), and had an asymmetric hearing loss (P6, P7). Participants who judged the 
screening test to be valid acknowledged and passively accepted the positive screen 
outcome (P3, P7), while the others seemed reluctant to do so. 
“If I can hear the tones in my right ear, I should be able to hear them in my left as well. It’s that 
simple.” (P6) 
Participants judged the test validity negatively if they had felt distracted during the 
screening by environmental noise (P1, P5, P6), environmental visual cues (P5), un-
comfortable pressure of the headphones (P2), or the sound of their heartbeat, which 
they heard as a result of the occlusion effect of the headphones (P2). Other factors 
that contributed to participants judging the test validity negatively were a belief that 
the screening device was pre-programmed to make everybody fail the screening and 
purchase hearing aids (P1), the fact that only a few frequencies were tested (P4), the 
fact that it was a once-only assessment (P4, P5), and the fact that they did not know 
what to expect or what to focus on (P2, P4, P5). 
“I don’t really think that the test is reliable. It was like that once... I was told beforehand what type of 
sounds to expect. But still... I worried about how it would go, especially with the first ear.” (P4) 
“You can only know if it’s correct if you’ve had the test done a few times. Once doesn’t really tell you 
much.” (P5) 
Participants who did the same screening test a second time received the exact same 
outcomes as the initial screening (P2, P5). This changed their judgment of the test 
validity but did not necessarily help them acknowledge the outcome. 
“I told the doctor who performed the hearing test: ‘Look, it’s all well and good, but I can hear what 
people are saying three doors down. I can’t hear that beep if those people over there are talking.’ Then 
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she asked the others for complete silence and started the test again … and I couldn’t hear the high 
tones. She said to me: ‘You only hear 40% in your left ear’. Oh well, all right, I’ll live with that.” (P6) 
“It was only after the first test that I was told that, hey, listen, it’s a kind of static sound that you will 
hear. I’d heard that the first time around, but didn’t realise it was part of the test. During the second 
test, yeah, you pay more attention. But subconsciously I must have been paying attention during that 
first test, because the results were exactly the same... But I’m very happy with my hearing.” (P2) 
Reflection on own hearing ability 
The positive screen outcome made the participants reflect on their hearing ability. 
They all tried to recall earlier signs of hearing loss, like sounds they no longer hear (e.g. 
doorbell, crickets), difficulty following television programmes without subtitles, exam-
ples of miscommunication, or remarks made by their significant others about their 
hearing. The outcome also motivated participants to test their hearing abilities in 
everyday listening situations (P1, P7). However, the participants did not always link the 
signs of hearing loss to their own hearing ability. Miscommunication, for example, was 
often ascribed to an unfavourable listening environment (e.g. loud background noise 
or distance) or to the communication partner mumbling. Generally, the more signs of 
hearing loss the participants recalled or observed and attributed to their own hearing 
ability, the more plausible they believe the positive test outcome to be. 
“When I watch television, for example, and I’m focussed on that and my wife says something, I don’t 
hear it. That's because my attention isn’t focussed on her.” (P5) 
“My husband regularly warns me that I hear poorly. But well, he mumbles quite badly.” (P4) 
Question: “Have you thought about the screen outcome since then?” Answer: “I’ve thought about it. 
Because I think, well, I should try it and find out whether the right ear really is any worse than the left. 
I usually pick the phone up and hold it to my left ear, but after the hearing test, I tried picking up with 
my right ear. I deliberately thought: ‘I should pick up with right’...” (P7) 
For two participants without hearing complaints (P1, P6), the positive outcome raised 
doubts about their hearing ability and created a need for them to discuss it with 
significant others. Another participant without hearing complaints remained convinced 
that his hearing was functioning perfectly (P2). 
“I spoke to my daughter about the test result. ‘But mum’, she said, ‘I've never noticed you have bad 
hearing. Not at all!’ And that one pays close attention to everything, you know. And she would tell me, 
hahaha.” (P1) 
Question: “Have you paid more attention to your hearing since the hearing test?” Answer: “No, I went 
home and moved on to other things. I haven’t really thought about it since.” (P2) 
Reflection on risk for hearing loss 
The outcome prompted the participants to reflect upon their risk for hearing loss. 
Some participants felt at risk for hearing loss because of old age (P3, P5, P7), noise 
exposure (P6), family history (P4), or a common cold (P6). These participants viewed 
the positive outcome as more plausible than those who did not feel at risk (P1, P2). 
“Well, your hearing deteriorates when you’re older, and I am older now.” (P5) 
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Theme 2: Considering seeking help and hearing aid uptake 
Intention to seek help 
Two participants intended to consult a professional as a result of the screening: one 
because his wife wanted him to try hearing aids (P3) and the other because he did not 
believe aging was the cause of his hearing loss and thought perhaps his hearing could 
be fully restored by earwax removal or a different medical intervention (P6). 
“I just think it’s best to get it checked out, because maybe it can be fixed. If I don’t go, I won’t know.” 
(P6) 
Willingness to use hearing aids 
All participants stated they would not use hearing aids until they developed hearing 
complaints that bothered them to such an extent that they perceived a need for 
hearing rehabilitation. At the time of the interview, the participants still felt their 
hearing was ‘just fine’ or ‘not that bad’. However, there were signs that they trivialised 
their hearing difficulties, normalised their hearing loss, and lowered their hearing 
expectations. 
Question: “How would you define ‘hearing impairment’?” Answer: “Well, that you can’t actually 
understand someone, right? That means nearby as well, right. This distance between you and me 
[distance of one meter in a quiet room]. I can understand you, but someone with hearing impairment 
can’t.” (P5) 
“The difference between my ear age and my own age, well, in three months’ time that’ll only be three 
years. So... there’s not much of a difference.” (P7; chronological age = 64 years; ear age = 68) 
“If the doctor recommends a hearing aid, I’ll try it. And if it makes things better, I’ll have no problem 
with that. I don’t really think it will make much difference though. And if that’s the case, I won’t wear 
it.” (P3) 
Theme 3: Emotional reaction 
Surprise, disbelief, and incomprehension 
Participants who felt that the positive outcome was not at all plausible reacted with 
surprise, disbelief, and incomprehension (P1, P2, P6). 
 “I was really surprised at how bad my test result was. How is it even possible? I can hear everything. I 
really can’t imagine there’s anything wrong with my hearing.” (P1) 
Indignation 
Participants who judged the test validity negatively and were convinced that their 
hearing was perfect felt indignant about the outcome because they felt they were 
being unfairly labelled as hearing-impaired (P1, P2, P6). They insisted on rescreening 
under better conditions (i.e. silent environment, comprehensive instructions, or 
another measurement instrument) to prove that they were right. 
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“The test was outside, and that doesn’t work. I kept hearing all the noise from the market, so of course 
I couldn’t hear the beeps.” (P1) 
 “Well, my first reaction to the test result was actually: ‘You can tell me whatever you like, but you’re 
wrong. I can hear everything.’ I told the doctor who performed the hearing test: ‘Look, it’s all well and 
good, but I can hear what people are saying three doors down. I can’t hear that beep if those people 
over there are talking.’ Then she asked the others for complete silence and started the test again.” (P6) 
Disappointment 
Participants who suspected they had a hearing loss had hoped the test would prove 
otherwise. The positive screen outcome disappointed them (P4, P5). Disappointment 
was also reported by a participant who had no hearing complaints but tested positive 
for hearing loss (best-ear pure-tone average at 1, 2 and 4 kHz > 35 dB) by a testing 
method she believed to be valid (P1). 
“But well, it was silent at the hearing aid shop. The door was shut and it was sound proof. And even 
then the outcome was negative.” (P1; audiometry in a soundproof room) 
“I had hoped it wouldn’t be so bad. I had hoped for some reassurance. But no such luck...” (P4) 
Concern about consequences of the outcome 
All participants reported that society nowadays expects people to take responsibility 
for their health and seek treatment or rehabilitation as soon as a health problem is 
diagnosed. They felt it was no longer socially acceptable not to seek rehabilitation 
(hearing aids) when diagnosed with a hearing loss. Consequently, two participants who 
suspected they had a hearing loss were reluctant to acknowledge the test outcome 
because they were concerned about the consequences (P4, P5): acknowledging the 
hearing loss would mean others would expect them to use hearing aids. They partly 
attributed the poor test outcome to a poor test validity but were not willing to have 
another hearing test because that might prove their hearing loss and mean having to 
deal with the consequences. 
“But you can do something about it these days, with those hearing aids. So if it helps, you use one. For 
other people too, for their benefit that you... well... so you understand them.” (P1) 
Question: “If the hearing test had not been part of the driving proficiency test, would you have visited 
a hearing care professional for a free hearing test at some stage?” Answer: “I have thought about it 
before, but then I think ‘oh, I can still manage’ and ‘it’s not so bad’. But at the same time, I think ‘I 
should get it done one day’. The consequence would be that I need a hearing aid and I’m not sure yet 
whether I want one.” (P4) 
Concern about progression 
The two youngest participants were shocked by the positive screen outcome because 
their ear age was much higher than their chronological age (P4, P6). They were 
concerned about the progression rate of their hearing loss and about becoming com-
pletely deaf. 
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“I wasn’t happy to hear them say I had the hearing of a 68 year old. I thought ‘blimey!’. What will it be 
like when I’m 68?!” (P6; chronological age = 52 years) 
Concern about possible consequences of hearing loss 
The participants were concerned about what impact a (hypothetical) hearing loss 
might have on their future lives (P3, P4, P6, P7). They were aware that hearing loss 
could lead to them being excluded from participating in society and becoming socially 
isolated or lonely. The level of their concern depended on their beliefs about how 
severe the negative consequences would be on their social or professional functioning 
and on their confidence in the hearing aids being able to reduce those negative conse-
quences. 
“If the communication is no good, that affects your whole life, doesn’t it?” (P3) 
“A person with a hearing impairment has big problems if you ask me. It’s annoying for other people 
too. They call twice and you don’t respond. It would annoy me too if I had to call someone twice or 
three times and they didn’t respond. I’d think that person was angry at me or something.” (P6) 
“My sister felt so isolated, but that disappeared thanks to her new hearing aids. You see her brighten 
right up again now she can hear more. Then I think ‘maybe it would be a good idea to have one of 
those things’... so you can hear more easily when you’re in company. If it really works, that is, because 
I'm not completely convinced yet.” (P4) 
Emotional pain and sadness 
The participants associated hearing loss and hearing aids with being old, disabled, 
pitiful, and written off by society. The realisation that they were growing older and the 
belief that others would think less of them if they heard about their hearing loss 
caused emotional pain and sadness (P3, P4, P6). They believed that hearing loss was 
something to be ashamed of. 
Question: “If you now noticed that someone has trouble hearing, would you recommend a hearing 
test?” Answer: “What would you say if we went out together and I was wearing a jacket or trousers 
that didn’t suit me at all. What would you say?? Would you tell me? It’s sensitive.” (P3) 
“I had a hard time accepting the test result.” (P4) 
“When I walk through town, I sometimes see elderly people with a hearing aid. But I’m talking about 
people who are well over 70. I'm 52. I don’t think a 52 year old, who is really still so young, should be 
walking around with a hearing aid. I’d feel handicapped. Society writes you off. No, I won’t do it. No 
way!” (P6) 
“A hearing aid really does make you a senior citizen.” (P4) 
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                                    Table 2. Thematic map 
THEME 1: REFLECTING ON THE PLAUSIBILITY 
Evaluation of the test validity 
Positive judgement 
Soundproof headphones 
No distraction 
Asymmetric hearing loss 
Negative judgement 
Distraction: environmental noise 
Distraction: environmental visual cues 
Distraction: uncomfortable pressure of headphones 
Distraction: sound of heartbeat 
Belief that the test was preprogrammed 
Only few frequencies were tested 
Just a once-only assessment 
Unknown what to expect or focus on 
Influence of retest on judgment 
Reflection on own hearing ability 
Recall earlier signs of hearing loss 
Sounds they no longer hear 
Difficulties following television programmes 
Examples of miscommunication 
Significant others’ remarks about their hearing 
Testing hearing ability in everyday listening situations 
Discussing hearing ability with significant others 
Linking signs of hearing loss to their own hearing ability 
Unfavourable listening environment 
Mumbling of communication partner 
Reflection on risk for hearing loss 
Old age 
Noise exposure 
Family history of hearing loss 
Having a common cold 
Not feeling at risk 
THEME 2: CONSIDERING SEEKING HELP AND HEARING AID UPTAKE 
Intention to seek help 
Forced by partner 
Belief in healing 
No intention to seek help 
Willingness to start using hearing aids 
No perceived need 
Trivialising hearing difficulties 
Normalising hearing loss 
Lowered hearing demands 
Stigma attached to hearing aids 
Little confidence in helpfulness of hearing aids 
THEME 3: EMOTIONAL REACTION 
Surprise, disbelief, and incomprehension 
Indignation 
Disappointment 
Concern about consequences of the outcome 
Concern about progression 
Concern about possible consequences of hearing loss 
Emotional pain and sadness 
 
  
 
Impact of screening 27 
Discussion 
This is the first study to explore adults’ reactions to being labelled as hearing-impaired 
based on an objective hearing screening test. A positive screen outcome made people 
reflect on the test validity, their perceived hearing ability, their risk for hearing loss, 
their perceived need for professional help, and their willingness to start using hearing 
aids. Furthermore, the outcome evoked emotional reactions such as surprise, disbelief, 
incomprehension, indignation, disappointment, concern, emotional pain, and sadness. 
With the exception of indignation, these emotions were similar to the emotions 
reported by people diagnosed with a hearing impairment based on standard clinical 
diagnostic tests (Martin et al., 1989). Studies have shown that these emotions are part 
of the natural response to an increasing awareness of hearing loss (Engelund, 2006; 
Hindhede, 2012; Wallhagen, 2010; Weinberger, 1980). They should therefore be 
viewed as triggered but not caused by the screening. The fact that screening evoked 
such emotions supports the notion that screening can incite or accelerate the hearing 
loss recognition process. 
The screening did not immediately prompt the participants to start using hearing aids. 
They all stated that they would not start using hearing aids until their hearing com-
plaints bothered them to such an extent that they perceived a need for rehabilitation. 
A recent review of factors that influence help-seeking and hearing aid uptake also 
concluded that both are more strongly related to perceived complaints than to audio-
metric hearing thresholds (Meyer & Hickson, 2012). This suggests that a subjective 
screening test might be better suited for testing people who could benefit from hear-
ing aids than an objective screening test. However, one randomised controlled trial 
found that objective screening led to a larger increase in the 1-year incidence of hear-
ing aid use than subjective screening (Yueh et al., 2010). 
Some participants expressed indignation, an emotion that was particularly related to 
their beliefs about the test validity. This could probably have been prevented if the 
screening had taken place under better testing conditions. P1, for example, reported 
feeling indignant after the screening because the test had been carried out at a noisy 
market. However, her feelings of indignation were replaced by disappointment when 
her hearing was tested again two weeks later using standard clinical diagnostic tests in 
a soundproof room and again showed poor hearing (pure-tone average at 1, 2, and 4 
kHz in the best ear >35 dB). The stories of P2 and P6 suggest that immediate retesting 
(with the same device) could reduce the level of indignation. In addition, indignation 
might have been prevented if a questionnaire had been used for screening instead of 
an objective hearing screening test. 
Methodological issues 
Although the seventh (last) interview did not generate any new codes or force us to 
adapt the thematic map, interviews with more people were needed to guarantee that 
we had identified all possible reactions. We did not interview any more people 
because it had proven difficult to recruit participants. 
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Despite the recruiters’ efforts, it took them 20 months to recruit the seven partici-
pants. There are several possible explanations for this slow recruitment. First, the 
number of eligible people might have been low because very few people without 
hearing complaints have their hearing tested in the absence of a systematic screening 
programme. Secondly, eligible people might not have been willing to participate 
because the test outcome may have been painful for them. Thirdly, eligible people 
might have refused to participate because they felt indignant about being unfairly 
labelled as hearing-impaired. Finally, eligible people might have been reluctant to 
participate because they feared the researcher would try to persuade them to pur-
chase hearing aids. 
We initially only aimed to include people without hearing complaints, but because the 
recruiters had difficulty finding people who met this criterion, we later decided to 
expand the inclusion criteria and include people who reported having hearing com-
plaints occasionally. Although the study population was heterogeneous with regard to 
the presence of hearing complaints, the reactions of the two subgroups were largely 
similar. A minor difference between the subgroups was seen in their emotional reac-
tion. Surprise, disbelief, incomprehension, and indignation were expressed solely by 
the participants without hearing complaints, while only those with complaints ex-
pressed concern about the consequences of the outcome. 
This study was conducted from a realist perspective, which means that the interviewer 
tried to be as objective as possible and aimed to overcome socially desirable answers 
by concealing her value judgments about the interview topics. Furthermore, the fact 
that the interviewer was not a hearing care provider also reduced the chance of 
socially desirable answers. 
Ear age 
The participants regarded the discrepancy between their ear age and chronological 
age as a more valuable indicator of the severity of their hearing loss than the printed 
advice and graphical representation of the screen outcome. The ear age had a strong 
emotional impact on people whose chronological age was much lower than their ear 
age. Although the results did not prompt them to start using hearing aids immediately 
after the screening, because they felt they were too young, being informed about their 
ear age might help the hearing loss recognition and acknowledgement process. How-
ever, the ear age outcome had little impact on people whose chronological age was 
similar to their ear age. It reassured them that their hearing was normal for their age 
and did not prompt them to seek help even though they had been explicitly informed 
that they had a hearing loss and were advised to seek help. Older people with hearing 
complaints might decide not to seek help when their hearing turns out to be normal 
for their age, resulting in an even longer delay in help-seeking than in a non-screening 
setting. 
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Conclusion 
A positive outcome on an objective hearing screening test does not immediately 
prompt adults without hearing complaints to start using hearing aids. However, the 
results of this study suggest that objective hearing screening can incite or accelerate 
the hearing loss recognition process and might indirectly decrease the delay in help-
seeking. One disadvantage of objective screening is that it can cause feelings of indig-
nation. This might be overcome by using a highly accurate objective test under optimal 
testing conditions.  
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Abstract 
This qualitative study aimed to increase our understanding of adults who own but not 
use hearing aids in order to get clues for non-use prevention and treatment. Individual 
face-to-face, semi-structured interviews were completed with 11 hearing aid owners 
(aged 54–80 years) who reported that they never or hardly ever used their hearing 
aids. Thematic analysis of the interviews showed that three types of non-users can be 
distinguished: non-users with no or mild hearing handicap (‘Type A non-users’), non-
users with moderate to severe hearing handicap who attributed the non-use to 
internal factors (‘Type B non-users’), and non-users with moderate to severe hearing 
handicap who attributed the non-use to external factors (‘Type C non-users’). Type A 
non-users were indifferent about the non-use; Type B non-users expressed feelings of 
self-annoyance, self-disappointment, and self-blame; and Type C non-users expressed 
feelings of frustration, indignation, sadness, anger, powerlessness, and hopelessness. 
Disapproval of the non-use by significant others led to feelings of shame and guilt, but 
only for Type B non-users. The findings suggest a need for a patient-centred approach 
in hearing care to prevent and treat non-use of dispensed hearing aids. Non-use may 
partly be prevented by more careful consideration whether hearing aid fitting will be 
effective and by offering comprehensive counselling and hearing aid self-efficacy 
training during the hearing aid trial. 
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Introduction 
Untreated hearing loss has a variety of negative consequences, including social isola-
tion, loneliness, and depression (Arlinger, 2003). Hearing aids can reduce these nega-
tive consequences and increase the quality of life (Chia et al., 2007; Chisolm et al., 
2007; Joore et al., 2003b; Vuorialho et al., 2006). However, many adults with a hearing 
loss do not seek help, and even fewer take up hearing aids. In the Netherlands, for 
example, it has been reported that 56% of the adults (aged ≥55 years) with a hearing 
loss of 30 dB or more (pure-tone average at 0.5, 1, 2 and 4 kHz in the better ear) seek 
professional help for their hearing loss, and that only 45% of these help-seekers take 
up hearing aids (Duijvestijn et al., 2003). Similarly, the Australian Blue Mountains 
Hearing Study revealed that just 61% of the adults (aged ≥50 years) with a hearing loss 
of more than 25 dB (pure-tone average at 0.5, 1, 2 and 4 kHz in the better ear) sought 
professional help for their hearing loss (Schneider et al., 2010), and that only 51% of 
these help-seekers took up hearing aids (Hartley et al., 2010). Moreover, up to a 
quarter of the people who take up hearing aids never use them (Bertoli et al., 2009; 
Hartley et al., 2010; Kochkin, 2010). 
Hearing aids are a great financial burden, either to the funding body (e.g. government 
or insurance) or to the hearing aid owner (if he or she paid for the hearing aids). 
However, hearing aid fitting is a cost-effective rehabilitation option for hearing loss 
(Joore et al., 2003a). This means that the gain in quality of life resulting from hearing 
aid use justifies the costs of the hearing aids. Non-use of dispensed hearing aids is 
undesirable for the health benefits missed as well as for the inefficient use of financial 
resources. The high proportion of non-users among hearing aid owners shows that the 
efficiency of hearing care is low. 
Preventing the non-use of hearing aids might improve the efficiency of hearing care. 
Two qualitative studies recently found that hearing aid owners use their hearing aids 
when they feel disabled by their hearing loss or when their hearing loss limits normal 
participation in society (Laplante-Lévesque et al., 2013; Lockey et al., 2010). Thus, the 
perceived need for improved hearing seems to be the key factor in hearing aid use. 
Fitting hearing aids exclusively to people who perceive a need for improved hearing 
may limit or prevent the non-use of dispensed hearing aids. 
Another way to improve the efficiency of hearing care might be treatment of people 
who own but do not use hearing aids (‘non-users’). In order to help these people 
effectively, hearing care professionals need to understand the non-use. Therefore, 
several studies have been performed to find reasons for and predictors of non-use. 
According to a Swiss survey by Bertoli and colleagues (2009), the most frequently 
reported reasons for hearing aid non-use are: noisy disturbing situations (52%), no 
perceived need (24%), no or poor perceived benefit (23%), unpleasant side effects (e.g. 
rashes, itching, pain, earwax accumulation; 19%), poor sound quality (13%), difficulties 
with management (9%), and poor fit and comfort (9%). A recent review by Knudsen 
and colleagues (2010) discussed predictors of hearing aid non-use. They concluded 
that significant non-use predictors included few self-reported hearing problems, low 
 
34 Chapter 3 
acceptance of the hearing loss, a negative attitude towards hearing aids, and manual 
dexterity problems. Other potential predictors addressed in this review included age, 
gender, living arrangement, hearing sensitivity, source of motivation, the hearing aid 
professional, personality, and expectations. However, scientific evidence for a relation-
ship between these factors and hearing aid non-use was found to be either absent or 
inconsistent (Knudsen et al., 2010). 
Knowledge about reasons for and predictors of non-use alone is not enough to come 
to an in-depth understanding of hearing aid non-users. Their beliefs and feelings with 
regard to the non-use are important as well. To date, it is still largely unknown how 
non-users feel about their non-use. Laplante-Lévesque and colleagues (2012b) re-
ported on the perspectives of hearing-impaired adults with regard to the help-seeking 
and rehabilitation process. They noted that adults who stopped using their hearing 
aids expressed disappointment, embarrassment, and guilt, but did not expand on this 
topic. To our knowledge, feelings related to hearing aid non-use have never been 
explored exhaustively. 
The aim of this study was to increase our understanding of adults who own but never 
or hardly ever use hearing aids by conducting an elaborate exploration of their beliefs 
(convictions) and feelings (emotions) about their non-use. Furthermore, we investi-
gated the relationship between these beliefs and feelings. An in-depth understanding 
of the non-users might give clues for intervention. 
Methods 
Study design 
This qualitative study was conducted in 2012 in the Netherlands. Data was collected 
using face-to-face semi-structured interviews and was analysed using inductive 
thematic analysis. The study had an explorative character; therefore, a qualitative 
approach was preferred over a quantitative approach. 
Sampling 
People were eligible for participation if they were between 50 and 80 years old and if 
they recognized themselves in the following description: “hearing aid owner who 
never or hardly ever uses his/her hearing aid(s)” (purposive sampling). The meaning of 
“never or hardly ever” was not specified in terms of objectively measurable units (e.g. 
hours per day or days per week); instead, the interpretation was left to the hearing aid 
owners themselves. 
We aimed for a sample that was heterogeneous with regard to gender, age, living 
situation, and work status. Knudsen and colleagues (2012) recommend that a variety 
of recruitment sources be used to reach a heterogeneous population (maximum 
variation sampling). We used the following three recruitment sources: (1) seventeen 
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general practitioners were asked to recruit eligible study participants among their 
patients, (2) an advertisement was placed in the newsletter of the senior citizens’ 
association, and (3) a call for study participants was sent out by email to members of 
the researchers’ personal networks. The email contained information about the study 
and encouraged the addressees to contact the researchers if they wanted to partici-
pate and fulfilled the inclusion criteria. The email recipients were also asked to forward 
the email to people in their networks and to talk about the study (word-of-mouth 
advertising) with acquaintances who they thought might be eligible but who did not 
have an email account.  
Participants 
Eleven volunteers were included in the study. The general practitioners together 
recruited two participants; the other nine participants responded to the email. None of 
the participants were direct members of the researchers’ personal networks (first-
degree contacts), although the interviewer had met four of them before (second-
degree contacts, occasionally spoken to at social gatherings). The participants formed 
a heterogeneous population with regard to their socio-demographic characteristics. 
Participant details are presented in Table 1. All participants were fitted bilaterally and 
owned two digital behind-the-ear hearing aids. In the Netherlands, the hearing aid trial 
usually takes 8–12 weeks. The hearing aid fit is verified during the trial using sound-
field speech audiometry and real-ear insertion gain measurements. 
Six participants (P1, P2, P4, P5, P8 and P10) were interviewed in the presence of their 
partner or another close relative; the other participants were interviewed alone. The 
participants chose whether or not a significant other was present during the interview. 
The researchers did not restrict the presence of others because it was thought to be 
unethical to ask the significant others to leave their own homes. 
Data collection 
A final-year medical student (RM) conducted the interviews after six weeks of training 
in audiology and interview techniques. The interviewer visited all participants in their 
homes. She briefly introduced herself as a student who was doing a scientific intern-
ship as the final task to obtain her Master’s degree in Medicine. Before the interview 
started, the participants gave their written informed consent for audio-recording of 
the interview and for asking their hearing aid dispenser for a copy of their audiograms. 
The interviews had an open character, like a normal conversation, and took about 45–
60 minutes. All interviews started with the open question: “Can you tell us about your 
hearing and hearing aids?” A topic list was used to make sure that the participants’ 
beliefs and feelings in relation to all of the following topics were covered during the 
conversation: hearing problems without and with hearing aids, hearing help-seeking, 
hearing aids (including expectations, advantages, disadvantages, and handling), and 
the roles of significant others and hearing care professionals. 
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Data analysis 
The audio-recorded interviews were transcribed verbatim. The transcripts were ana-
lysed using inductive thematic analysis, conducted from a realist perspective (Braun & 
Clarke, 2006). Thematic analysis involves searching across the interview transcripts to 
find repeated patterns of meaning. It is a flexible research tool due to its independence 
from theory (Braun & Clarke, 2006). Since the present study aimed to identify relation-
ships between beliefs and feelings with regard to hearing aid non-use (the meaning of 
non-use), thematic analysis was judged to be a useful analysis method. An inductive 
(data-driven) approach was considered to be most appropriate, since little was known 
beforehand about the beliefs and feelings of hearing aid non-users (Knudsen et al., 
2012). 
Inductive thematic analysis starts by adhering codes to sentences and fragments of the 
transcripts, without trying to fit them into a pre-existing code frame. Two researchers 
(AL & RM) independently coded the interviews. After each transcript was coded, the 
researchers came together to discuss the coding and come to consensus. During these 
meetings, they also discussed how different codes might combine to form an over-
arching theme. Furthermore, themes that were identified earlier were reviewed to 
check whether the codes within a theme still cohered together meaningfully. If not, 
new themes were created or previous themes were merged or split. Main themes, 
sub-themes, and sub-sub-themes were organized in a ‘thematic map’. 
Each interview was transcribed (RM), coded (AL & RM), and discussed (AL & RM) 
before another interview was conducted (RM). To ensure trustworthiness, a third 
researcher (YL) coded every third interview to test whether the resulting codes fitted 
in the created thematic map or whether it had to be adapted. The ninth transcript was 
the first that did not bring in new codes or force adaption of the thematic map, which 
implied data saturation (Knudsen et al., 2012). Two more participants were included to 
ensure data saturation. An audiologist (LA) who was not involved in the data analysis 
process performed an external audit to evaluate whether the findings, interpretations, 
and conclusions were supported by the data. The audit was based on reading all the 
interview transcripts and examining the thematic map; it did not result in changes to 
the themes, sub-themes, or sub-sub-themes. 
This study was conducted in Dutch. For this report, a professional translation agency 
translated the illustrating interview excerpts into English. 
Results 
Beliefs and feelings 
The participants expressed feelings of indifference, self-annoyance, self-blame, self-
disappointment, shame, guilt, frustration, indignation, anger, sadness, powerlessness, 
and hopelessness toward their hearing aid non-use. How they felt about their non-use 
was related to three main themes: (1) their beliefs about the severity of their hearing 
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handicap with and without hearing aids, (2) their beliefs about whom or what was 
responsible for the non-use, and (3) their beliefs about their significant others’ 
attitudes towards the non-use. Within these three main themes, 10 sub-themes and 
40 sub-sub-themes were identified (Table 2). Figure 1 depicts a global overview of the 
relationships between the beliefs and feelings of hearing aid non-users. The three 
themes are described below and are illustrated with interview excerpts. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Relationships between hearing aid non-users’ beliefs and feelings about their non-use 
 
“In this situation, my hearing needs 
to be improved.” 
 
Theme 1: Perceived hearing handicap 
“I am responsible for the non-use.” 
 
Theme 2: Responsibility 
“Others disapprove the non-use.” 
 
Theme 3: Attitude of significant others 
Frustration, indignation, anger, 
powerlessness, hopelessness, 
sadness 
Self-annoyance, self-blame, 
self-disappointment  
Self-annoyance, self-blame, 
self-disappointment, shame, 
guilt  
Frustration, indignation, anger, 
powerlessness, hopelessness, 
sadness 
Indifference 
(towards others: annoyance)  
Indifference 
yes yes 
yes no 
no 
no 
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            Table 2. Thematic map 
THEME 1: PERCEIVED HEARING HANDICAP 
Hearing disability without hearing aids 
Difficulty understanding speech in specific situations: in company, in noise, in the  
church/theatre, on television/radio, during telephone conversations, at work 
Difficulty understanding mumbling 
Hearing words incorrectly 
Missing specific signal tones 
Conversations are too fast to follow 
Late notice of unexpected speech 
Coping strategies & effectiveness 
Guessing what has been told 
Increasing listening effort 
Withdrawal or avoidance of specific listening situations 
Asking others to adapt (asking for repetition & asking to speak up) 
Reducing the distance to the speaker or sound source  
Using visual cues (looking at the speaker, lip reading, using subtitles) 
Turning up the volume of the television/radio/telephone 
Purchasing assistive listening devices 
Perceived need to rehabilitate 
Self-imposed hearing demands 
Importance of hearing during daily activities 
Awareness of and concern about social consequences of uncorrected hearing loss 
Awareness of and concern about third-party disability of uncorrected hearing loss 
Demonstrated willingness to rehabilitate 
Source of motivation to seek help 
Source of motivation to take up hearing aids 
Help-seeking for hearing-aid-related complaints 
Perceived benefit of hearing aids  
‘Old’ sounds can be heard again (e.g. birds) 
Easier to follow conversations in quiet 
Perceived adverse effects of hearing aids 
Difficulty understanding speech in company or in noise due to amplification of background noise 
Too large a contrast between the amount of noise heard without and with hearing aids 
Difficulty with telephone conversations 
Amplification of wind noise is disturbing 
Sound is too loud or painful 
Distress (headache, nervousness, overstimulation, tiredness) 
Uncomfortable ear mould 
Earwax accumulation and ear inflammation due to the ear mould 
Difficulty handling and controlling the hearing aid 
Hearing aid whistles 
THEME 2: RESPONSIBILITY 
Internal factors  
Denial of need 
Lack of perseverance 
Forgetting the hearing aid 
Inability to acclimatize to the hearing aid 
External factors 
Incompetence of the hearing aid dispenser 
Poor hearing aid functioning 
Incompatible environment 
THEME 3: ATTITUDE OF SIGNIFICANT OTHERS TOWARDS THE NON-USE 
Acceptance 
Disapproval 
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Theme 1: Perceived hearing handicap (with and without hearing aids) 
Participants talked about their hearing disability without hearing aids, the effective-
ness of coping strategies to reduce hearing handicap, the perceived need and demon-
strated willingness to rehabilitate, and the perceived benefits and adverse effects of 
hearing aids on their hearing handicap (Table 2). People who perceived only a mild 
handicap from their hearing loss tended to feel rather indifferent about their non-use. 
They tried the hearing aids for a while, but perceived the disadvantages of the hearing 
aids to be greater than the disadvantages of their hearing loss. They decided for 
themselves that they could hear well enough by using communication strategies and 
that they still could manage without hearing aids. They probably would not even have 
started a hearing aid trial if their significant others had not pressured them to visit a 
hearing care professional. 
Question: “What do you do when you can’t hear someone?” Answer: “Nothing. Just let them go on. I 
don’t need to hear everything. Hehehe.” (P6) 
“I mean, if I look at you I can understand you, can’t I?! So, uh…” (P9) 
People who perceived a more severe handicap from their hearing loss expressed 
feelings of frustration and sadness towards their non-use. They felt a strong need to 
improve their hearing and had consulted a hearing care professional on their own 
initiative, but the hearing aids did not help them as much as they had hoped. They 
stopped using the hearing aids because they did not reduce their hearing handicap. 
“A conversation in a group is simply a disaster when I am wearing that thing. Often, I pull it off. And, 
what I find regrettable is that … uh… I am letting myself become secluded.” (P1) 
“With or without a hearing aid, I am not able to communicate decently with anyone, which is quite 
awful.” (P8) 
Theme 2: Responsibility 
Internal factors 
The participants expected that the hearing aids would reduce their hearing disabilities. 
However, the hearing aids were generally perceived to be less beneficial than initially 
hoped for or to have disadvantages that were worse than expected. As a result, the 
participants felt disappointed. Some people said they had faith in the hearing aid 
dispenser’s claim that it is a matter of acclimatization and they had accepted that 
hearing aids cannot fully restore their hearing. They tended to feel responsible for 
their non-use. P3, for example, blamed herself (self-blame) for her denial of her need 
for improved hearing. 
“I think I will start wearing them again when it becomes really troublesome. At the same time, I think: I 
do not need them yet. But that is nonsense, because there are situations in which I really do need 
them. Stop.” (P3) 
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Many non-users blamed themselves for their lack of perseverance during the hearing 
aid trial and acclimatization period. They expressed irritation with their own behaviour 
(self-annoyance) or disappointment in themselves (self-disappointment). 
“I am irritated with myself and I think: Yeah, shit. Now I didn’t hear it again, now I have to ask some-
one to repeat it. You know. Hehehe. But still I don’t wear these things … sometimes I don’t understand 
myself.” (P3) 
“Maybe, if I had persevered in the beginning, it might have worked. But if you are not 100% behind it, 
then it won’t work of course. Hehehe. Maybe then, I was too easy.” (P7) 
Self-annoyance was also seen in people who blamed themselves for not having taken 
the hearing aids with them into a situation where they knew that the hearing aids 
would be helpful. 
“Sometimes, there are situations that I think: Oh, stupid, stupid, stupid, that I didn’t put them in. Yes, 
then you get fed up with yourself.” (P4) 
Some people blamed themselves for being incapable of acclimatizing to the hearing 
aids. P2, for example, believed he was responsible for the hearing aid use himself, but 
at the same time he felt that it was out of his control. He expressed mixed feelings 
towards the non-use. 
“It should work effectively, and that is what they do. What else could I want? [...]. Everything is ampli-
fied, but you pick up so much more sound that it becomes a mixture of noises. And it’s hard to filter out 
what is important. I tried it for a year, but was unsuccessful. On the one hand, I blame it on myself, 
while on the other hand, I think, well…” (P2) 
External factors 
Some people did not trust the hearing aid dispenser’s claim that it is a matter of 
acclimatization. They blamed the hearing aid dispenser for being incapable of adjusting 
the hearing aids accurately to their hearing loss or for advising them to buy the wrong 
hearing aids. They believed that the hearing aid dispenser’s lack of professionalism had 
kept them from benefitting from hearing aids and, therefore, he was responsible for 
the non-use. People who held the hearing aid dispenser responsible for their non-use 
expressed feelings of indignation, frustration, anger, powerlessness and hopelessness, 
especially if they perceived a severe hearing handicap. People who held the hearing 
aids responsible for the non-use expressed feelings of powerlessness and frustration as 
well. Again, particularly people who perceived severe hearing handicap expressed such 
negative feelings. People with milder hearing handicaps were still rather indifferent 
about their non-use, even when they blamed the hearing aid dispenser or the hearing 
aids for their non-use. 
“People do not listen. They do not communicate. The lady [hearing aid dispenser] only wants to sell me 
new things. So she turns down the amplification of my hearing aids so that I have to come back to her. 
But I won’t be going back!” (P5) 
“That man is totally incompetent. He can’t adjust the hearing aids in such a way that the rustle is 
gone.” (P8) 
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“For months I have had an inflammation in the ear. That is why I am not wearing it. […]. The hearing 
aid is the true culprit. It causes me to have inflammations and have earwax get stuck.” (P1) 
Theme 3: Significant others’ attitudes towards the non-use 
Pressure from significant others to use the hearing aids was found to evoke various 
reactions and feelings in the non-users. P4, for example, used the hearing aids in most 
(but not all) situations in which she thinks it is important to hear well, which was on 
average two hours per day. She believed that she used them reasonably effectively. 
She also believed that her significant others expected her to use the hearing aids all 
day long. Not meeting their expectations made her feel as if she had failed them, 
which went hand in hand with feelings of shame and guilt. 
“And it is wrong, I know. I should always wear them, but... […]. And, maybe it is weak of me not to per-
severe, I don’t know. Look, normally in the daytime I am home alone. Well, they are really not needed 
then.” (P4) 
P6 also felt pressured by others to use the hearing aid. She did not experience hearing 
aid use as something that could be beneficial for her, but as just another obligation 
that others had imposed on her. She did not feel like obeying anymore. Not using the 
hearing aids seemed to make her feel in control of her own life. 
“I always say: they are useless bloody things. Why? Pff... I think that is because of the obligation that is 
imposed on you: you should wear them, you know.” Question: “Because other people say so?” Answer: 
“I think so, I don’t know. But actually, that is not my problem. I am me, right?! [...]. I already have 
enough obligations. Honestly! And then at my age. They won’t grant you a moment’s peace.” (P6) 
P10 used one hearing aid all day long. When she sat with visitors around a table, she 
sometimes put in the second hearing aid because significant others have told her it is 
better to do that and to make them stop badgering her about it. Despite the pressure 
from her significant others, she was rather indifferent about the non-use of the second 
hearing aid because she did not notice any benefit from it. 
Discussion 
This is the first study that elaborately reports on the beliefs (convictions), feelings 
(emotions), and the relationship between the beliefs and feelings of adults who own 
but do not use hearing aids with regard to their hearing aid non-use. A large variety of 
feelings were found; they were related to beliefs about perceived hearing handicap, 
responsibility, and the attitudes of significant others. Three types of non-users can be 
distinguished broadly: non-users with no or mild hearing handicap (‘Type A non-
users’), non-users with moderate to severe hearing handicap who attributed the non-
use to internal factors (‘Type B non-users’), and non-users with moderate to severe 
hearing handicap who attributed the non-use to external factors (‘Type C non-users’). 
Type A non-users were indifferent about the non-use; Type B non-users expressed 
feelings of self-annoyance, self-disappointment, and self-blame; and Type C non-users 
expressed feelings of frustration, indignation, sadness, anger, powerlessness, and 
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hopelessness. Disapproval of the non-use by significant others led to feelings of shame 
and guilt, but only for Type B non-users. The three types are not mutually exclusive, 
because the perceived handicap and need for improved hearing are context depend-
ent. Namely, someone can be a Type A non-user in one situation (e.g. when home 
alone), but a Type B or C non-user in another situation. 
Methodological issues 
The presence of a significant other during the interview might have inhibited some of 
the participants from talking freely and honestly about their beliefs and feelings. The 
participants were free to decide whether or not they wanted a significant other to be 
present during the interview. Participants who have difficulty talking about their true 
beliefs and feelings in the presence of a significant other probably chose to be inter-
viewed alone. Consequently, the influence of social desirability due to the presence of 
a significant other would be limited. This notion is supported by the fact that partici-
pants who were interviewed alone as well as participants who were interviewed in the 
presence of a significant other reported negative feelings as a result of the significant 
other’s disapproval of the non-use. 
In a qualitative interview study, the participants can also adapt their answers to what 
they think the interviewer wants to hear. The present study was done from a realist 
perspective, which implies that the researchers believed that what the participants 
said was the reality, and not some idea about reality constructed by interaction be-
tween the participants and the interviewer. In practice this means that the interviewer 
tried to be as objective as possible and aimed to overcome socially desirable answering 
by concealing her value judgments about the interview topics. Furthermore, the fact 
that the interviewer was not a hearing care provider also reduced the chance of 
socially desirable answering. However, the results may be biased slightly, in any direc-
tion, due to the fact that some of the participants were second-degree acquaintances 
of the interviewer. 
The transferability of the results to non-users who did not participate in the study is 
warranted in two ways. First, maximum variation sampling was used to select a hetero-
geneous study population. Second, data collection did not stop before data saturation 
was reached. Consequently, the results are likely to be applicable to other hearing aid 
non-users in the Netherlands and abroad. The prevalence of the different types of non-
users will differ between countries, due to differences in the hearing aid provision and 
reimbursement systems. Type A non-users, for example, might not be found in coun-
tries where hearing aid provision or reimbursement is based on the assessment of 
hearing handicap. 
Comparison with literature 
So far, feelings about hearing aid non-use have only been addressed briefly by 
Laplante-Lévesque and colleagues (2012b), who found that non-users expressed 
feelings of disappointment, embarrassment, and guilt. The participants in this study 
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expressed these feelings as well. Lockey and colleagues (2010) interviewed regular 
hearing aid users and found that their decisions on whether or not to use the hearing 
aids in a specific situation depended on consideration of meaningful participation with 
and without the hearing aids. In this study, beliefs about meaningful participation are 
captured within Theme 1 (perceived hearing handicap). Lockey and colleagues (2010) 
also found that hearing aid non-use was associated with purposeful engagement in the 
non-amplified world, the transfer of the burden of communication to others, and the 
use of other communication strategies. The latter two themes were recognized in the 
present study too, but the first theme (purposeful engagement in the non-amplified 
world) was not. Our participants did not report on advantages of having a hearing loss. 
The fact that Lockey and colleagues (2010) interviewed regular hearing aid users while 
the participants in our study were hearing aid non-users, might explain the difference. 
Perceived hearing handicap is the only factor that is consistently found to be related to 
help-seeking, hearing aid uptake, hearing aid use, and hearing aid satisfaction 
(Knudsen et al., 2010). This is the first study to show that perceived hearing handicap is 
also related to how hearing aid owners feel about their non-use, with more severe 
hearing handicap being associated with more negative feelings. The emotional conse-
quences of non-use, in cases of moderate to severe hearing handicap, depended on 
the non-user’s sense of responsibility. Previously, it had been found that hearing-
impaired adults who feel responsible for and in control of their health are more likely 
to seek help, to take up hearing aids, and to have more positive hearing aid outcomes 
than adults who do not feel responsible for and in control of their health (Cox et al., 
2005; Garstecki & Erler, 1998; Laplante-Lévesque et al., 2012a). Sense of responsibility 
has not been related to feelings about hearing aid non-use before. However, the 
feelings of Type B non-users are similar to the feelings of people who are aware of 
their hearing loss but have not sought help yet (Engelund, 2006). 
Empirical findings in relation to theory 
The present finding that one’s sense of responsibility influences one’s feelings about a 
behaviour is in accord with Weiner’s attribution theory of motivation (Weiner, 2012). 
This theory assumes that people always try to attribute the cause of success or failure 
(here: non-use) to someone or something. Three causal dimensions are distinguished: 
locus, stability, and controllability. The locus dimension refers to whether the cause is 
perceived as internal or external to the individual. The stability dimension refers to 
whether the cause is stable or unstable across time and situations. The controllability 
dimension refers to whether the cause is perceived as being under the control of the 
individual or not. In general, people who believe that the cause of failure is internal, 
unstable, and controllable tend to blame themselves. On the other hand, people who 
believe that the cause of failure is external, stable, and uncontrollable tend to feel 
hopeless (Weiner, 2012). 
Originally, this study only identified the locus dimension; the sub-theme ‘Responsibil-
ity: internal factors’ was comparable to Weiner’s internal locus and the sub-theme 
‘Responsibility: external factors’ was comparable to external locus. However, when the 
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data was reviewed (post-hoc analysis) with the three causal dimensions in mind, the 
stability and controllability dimensions were found in the data as well (Table 3). The 
stability dimension was recognized in that participants attributed their non-use to their 
cognitive incapability to acclimatize to the hearing aids (stable) or to a temporary ear 
inflammation (unstable). The controllability dimension was recognized in that partici-
pants attributed their non-use to their lack of perseverance (controllable) or to the 
incompatible environment (uncontrollable). Participants’ feelings were in line with 
what would be expected based on Weiner’s attribution theory. Knowledge of the non-
users’ beliefs about locus, stability, and controllability can assist in deciding how each 
of them can best be helped. 
Table 3. Causal dimensions of Weiner’s attribution theory with examples from the present study 
Causal dimension Example of beliefs of hearing aid non-users 
Locus Internal The non-user (e.g. P2) attributes the non-use to his lack of ability to distin-
guish speech from background noise when wearing the hearing aids (ability is 
internal to the non-user) 
External The non-user (e.g. P8) attributes the non-use to the poor performance of his 
hearing aids, which he believes to be a result of the hearing aid dispenser’s 
incompetence in adjusting the hearing aids (the dispenser’s incompetence is  
external to the non-user) 
Stability Stable The non-user (e.g. P2) attributes the non-use to his lack of ability to distin-
guish speech from noise, and he does not believe that this ability will improve 
after a period of acclimatization 
Unstable The non-user (e.g. P1) attributes the non-use to an ear inflammation (ear 
inflammation is a temporary factor) 
Controllability Controllable The non-user (e.g. P7) attributes the non-use to his lack of perseverance 
during the hearing aid trial and acclimatization period 
Not controllable The non-user (e.g. P11) attributes the non-use to the fact that the work 
environment does not lend itself to hearing aid use 
Clinical implications 
It is difficult to help non-users because many of them do not present themselves to 
hearing care professionals after the hearing aid purchase. In the Netherlands, some 
hearing aid dispensers send hearing aid owners an annual invitation for a free control 
visit. However, this does not seem to be a successful way to identify non-users, as all 
our participants had received such an invitation but none of them had responded to it. 
Type A non-users did not see the point of a control visit because they did not intend to 
use their hearing aids anyway. Type B non-users found control visits unnecessary 
because they believed that their hearing aids were functioning properly. Type C non-
users had returned to their hearing care dispensers many times but were dissatisfied 
about the provided help. They did not respond to the invitation because they believed 
that their hearing aid dispensers were unable to help them adequately. The sections 
below describe how non-users can be helped (if identified) and – maybe even more 
important – how future hearing aid seekers can be prevented from becoming non-
users. 
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Type A non-users 
For non-users who do not perceive a strong need for improved hearing, hearing aid 
non-use itself has no emotional consequences, although the pressure from others to 
use the hearing aids can be perceived as annoying. Hearing aid owners define optimal 
use as the use of the hearing aid in situations where they perceive a need for improved 
hearing (Laplante-Lévesque et al., 2013). Based on this definition, it is not surprising 
that people who perceive no or only a mild hearing handicap are indifferent about the 
non-use. Forcing them to use their hearing aids is unlikely to result in benefit, either 
personal or societal. Hearing care professionals should accept and respect that Type A 
non-users prefer not to receive further professional attention. Communication training 
might be a more appropriate way of rehabilitation, but this option was not discussed 
with the participants. If communication training had been offered as well, some of the 
people who took up hearing aids – especially those who perceived only mild hearing 
handicap – might have chosen communication training instead of hearing aid fitting 
(Laplante-Lévesque et al., 2012a). 
To prevent future hearing help-seekers from becoming Type A non-users, hearing care 
professionals should inform them about all available rehabilitation options (e.g. hear-
ing aids, communication training programmes, assistive listening devices, doing 
nothing) and decide together about the best option. In particular, the perceived 
severity of the hearing handicap, not the audiograms, should guide this shared 
decision making process. For people who perceive no or only mild hearing handicap, 
doing nothing is probably the best option. 
Type B non-users 
For non-users who express feelings of self-annoyance, self-disappointment, or self-
blame with regard to the non-use, internal factors that restrain hearing aid use require 
particular attention during the audiological consultation. Type B non-users seem to 
have a low hearing aid self-efficacy: they have little confidence in their abilities to be 
successful hearing aid users. Lack of perseverance is also an indication of low hearing 
aid self-efficacy (Smith & West, 2006). Therefore, Type B non-users might benefit from 
hearing aid self-efficacy training to enhance their self-confidence with regard to 
hearing aid use. By building hearing aid self-efficacy, non-users will be more motivated 
to adjust to hearing aids, persevere when hearing aid difficulties arise, and apply more 
effort toward successful hearing aid use. Smith and West (2006) described a number of 
strategies for enhancing hearing aid self-efficacy, including role plays and motivational 
coaching by hearing care professionals or significant others. 
To prevent future hearing aid seekers from becoming Type B non-users, their hearing 
aid self-efficacy can be measured at the time of hearing aid fitting, using the MARS-HA 
(Measure of Audiologic Rehabilitation Self-Efficacy for Hearing Aids) questionnaire 
developed by West and Smith (2007). Knowing a person’s level of hearing aid self-
efficacy can assist the hearing care professional in determining whether or not the 
person needs intensive counselling or self-efficacy training during the hearing aid trial 
in order to become a successful hearing aid user. 
 
Understanding hearing aid non-users 47 
Type C non-users 
For non-users who express feelings of frustration, indignation, sadness, anger, power-
lessness, or hopelessness with regard to their non-use, external factors that restrain 
hearing aid use require special attention during the audiological consultation. For 
example, someone who blames a hearing aid dispenser can best be advised to visit a 
hearing care dispenser in whom he or she has more faith. Furthermore, if the external 
factor that restrains hearing aid use is truly stable and uncontrollable (e.g. incompati-
ble environment), hearing care professionals can best propose rehabilitation options 
other than hearing aids, such as communication training or assistive listening devices. 
To prevent future hearing aid seekers from becoming Type C non-users, the hearing 
aid dispenser should put considerable effort into gaining the patient’s trust. It is 
important that the hearing aid dispensers show a high level of professionalism, listen 
carefully to the hearing aid seeker, take his or her complaints seriously, provide accu-
rate and comprehensible information, and involve the hearing aid seeker in the selec-
tion and fitting process. 
Pressure from significant others to use the hearing aids can negatively influence the 
emotional well-being of some hearing aid non-users. However, whether or not hearing 
care professionals should discourage significant others from pressuring the non-users 
depends on the potentially positive effect on hearing aid use and benefit. To date, 
pressure from others has only been reported to increase hearing help-seeking and 
hearing aid uptake (Laplante-Lévesque et al., 2013). There is no evidence yet that 
pressure from others also increases hearing aid use with a resulting increase in hearing 
aid benefit. To examine the effects from pressure of significant others on hearing aid 
use and benefit, a quantitative study is needed that includes both hearing aid users 
and hearing aid owners who do not use their hearing aids. 
Conclusion 
Adults who own but do not use hearing aids have different beliefs and feelings about 
hearing aid non-use. It can have negative emotional consequences, especially for non-
users who believe that their hearing needs to be improved. Together with the missed 
health benefits and the inefficient use of financial resources, the negative emotional 
consequences of non-use underscore the importance of preventing and treating 
hearing aid non-use. A patient-centred approach is needed to provide each non-user 
with the best help.  
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Abstract 
This study describes the effects and costs of hearing screening and rehabilitation in 
residential care homes for the elderly. It was hypothesised that offering an in-house 
hearing screening and rehabilitation programme would be an effective strategy to 
increase hearing aid ownership among the residents. All 705 residents of 8 residential 
care homes in the Netherlands were invited to participate in a hearing screening (pure-
tone audiometry) and rehabilitation (hearing aids) programme. A total of 243 residents 
(34%) participated in the screening, 222 (91%) of whom had hearing loss. Ninety-one 
(41%) of the screen participants with hearing loss started rehabilitation, which was 
successful for 50 (55%) of them. Hearing aid ownership among the residents with 
hearing loss increased from 28% at the start of the programme to 33% at the end. The 
costs were € 1896 per successfully rehabilitated resident. Hearing aid trials and hearing 
aids together accounted for 83% of the total costs. The effectiveness of the pro-
gramme was limited, as hearing aid ownership increased only slightly. Cost reduction 
measures should focus on decreasing the number of unsuccessful hearing aid trials.  
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Introduction 
Approximately 90–95% of elderly care home residents have a pure-tone average 
hearing loss (at 0.5, 1, 2, and 4 kHz) > 25 dB HL in the better ear (Stumer et al., 1996; 
Tolson, 1997; Tsuruoka et al., 2001). Hearing loss negatively affects communication 
with nursing staff, visitors, and other residents, which can result in social isolation and 
depression (Brink & Stones, 2007; Mahoney, 1992; Tsuruoka et al., 2001). Although 
hearing aids can partly address the communication problems of care home residents 
(Jupiter & Spivey, 1997), only 12–17% of the residents own hearing aids (Cohen-
Mansfield & Taylor, 2004; Tolson, 1997). It has been recommended that hearing 
screening be implemented to increase hearing aid ownership and use in residential 
care homes (Adams-Wendling et al., 2008; Cohen-Mansfield & Taylor, 2004). 
This study describes the effects and costs of a hearing screening and rehabilitation 
programme that was organised in eight residential care homes for the elderly in the 
Netherlands in 2010. We anticipated that easy accessibility would be a great facilitator 
for participation in the programme; therefore, the hearing care professionals visited 
the homes. The results provide valuable information for hearing care professionals and 
health care policy makers who strive for evidence-based practice and optimal alloca-
tion of resources. 
Methods 
Study population 
We invited all of the residents (N=705) of eight residential care homes for the elderly 
to participate in the hearing screening and rehabilitation programme, independent of 
whether or not they already owned hearing aids. Dutch residential care homes typi-
cally house elderly people who are unable to live independently but who do not need 
intensive nursing care. Depending on the needs of the resident, the homes provide 
meals; housekeeping; and assistance with activities of daily living, such as eating, 
dressing, and personal hygiene. 
Programme design 
Recruitment 
Residents were informed about the programme through information brochures, 
announcement posters, an advertisement in the care home paper, and personal 
communication (door-to-door visits by an audiology assistant). 
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Screening 
The screening consisted of air-conduction pure-tone audiometry that was performed 
by an audiology assistant. Residents with an average hearing loss (at 1, 2, and 4 kHz) of 
> 35 dB HL in their better ear were told that they had hearing loss. This definition of 
hearing loss was chosen because, in the Netherlands, only persons who meet this 
criterion are entitled to partial hearing aid reimbursement. All screen participants were 
asked if they wanted an appointment with an ear, nose and throat (ENT) specialist. For 
those who wanted to consult the ENT specialist, speech audiometry was performed by 
the audiology assistant immediately after the screening. 
Rehabilitation 
The ENT specialist’s consultations took place within two weeks after the screening. The 
ENT specialist was responsible for clinical examination of the ear, earwax removal, 
diagnostics of ear pathology, interpretation of hearing test results, communication 
with the resident regarding rehabilitation options (hearing aid fitting, adjustment of a 
previously fit hearing aid, or no rehabilitation), and prescription of hearing aids to the 
residents who were willing to try them. Furthermore, the ENT specialist referred 
residents to the audiologist when there was a need for additional counselling, a prob-
lem in accepting hearing loss, limited willingness to use hearing aids, severe hearing 
loss (best-ear pure-tone average at 1, 2, and 4 kHz ≥ 70 dB HL), poor speech discrimi-
nation (<70% for monosyllables), severe visual impairment, poor manual dexterity, or 
dementia. These referral criteria are set out in the Dutch guidelines for hearing care 
professionals (Nationaal Overleg Audiologische Hulpmiddelen, 2009). The audiologist is 
a clinical physicist who holds a post-academic degree in audiological and psychosocial 
rehabilitation. Whereas the ENT specialist discusses rehabilitation by hearing aid fitting 
only, the audiologist offers many more rehabilitation options, including communica-
tion training, psychosocial support, and assistive listening devices. 
Residents who received a hearing aid prescription could consult the hearing aid dis-
penser, who was present in the home on the same day as the ENT specialist. In the 
Netherlands, the hearing aid dispenser is the only hearing care professional who is 
allowed to sell hearing aids. The hearing aid dispenser advised the resident about the 
most suitable hearing aid(s), fit the selected hearing aid(s), taught the resident how to 
use the hearing aid(s), and supported the resident during the trial period. Residents 
who already owned hearing aids could consult the hearing aid dispenser for adjust-
ments (refitting or replacement of the earmould and tube) or for new hearing aids 
(replacement of previously fit hearing aids or extension from monaural to binaural 
fitting). 
Approximately 5 months after the first consultations with the ENT specialist, the 
audiologist and the ENT specialist held scheduled follow-up consultations with all 
residents for whom they had provided a hearing aid prescription. At this follow-up 
visit, the hearing aid trial was evaluated, and the residents had to give their final 
decision about whether or not they wanted to keep and purchase the hearing aid(s). 
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Cost calculation 
We calculated the personnel costs of the audiology assistant, ENT specialist, and 
audiologist by multiplying the scheduled duration of their activities by their average 
labour costs which we derived from the Collective Labour Agreement and Dutch 
manual for costing research (Hakkaart-van Roijen et al., 2010; Nederlandse Vereniging 
van Ziekenhuizen, 2011). The total travel costs were calculated by multiplying the 
travel time by the personnel’s average labour costs plus a travel distance compensa-
tion of € 0.20 per kilometre (Hakkaart-van Roijen et al., 2010). 
For the screening (pure-tone audiometry) and additional hearing testing (speech 
audiometry), the Interacoustics AD 229e audiometer was used. The new price of this 
audiometer is € 3050. As recommended in the Dutch manual for costing research, we 
estimated the respective annual costs of depreciation and maintenance to be 10% and 
8% of the new price (Hakkaart-van Roijen et al., 2010). A year counts about 1540 
working hours (Hakkaart-van Roijen et al., 2010). Assuming that the audiometer is in 
use half of the time, the depreciation and maintenance costs are € 0.18 per 15 minutes 
of utilisation. 
The 2010 unit price of a monaural hearing aid trial was € 354 (Grutters et al., 2008; 
Statistics Netherlands, 2010). This includes the labour costs of the hearing aid dis-
penser and the depreciation and maintenance costs of the instruments used. A 
monaural trial consisted of three consultations with an average duration of 15 to 20 
minutes each; a binaural trial consisted of three consultations of approximately 25 to 
30 minutes. Because a binaural trial took approximately one and a half time longer 
than a monaural trial, the unit price of a binaural trial was estimated to be € 531. For 
adjustment of a previously fit hearing aid (one consultation of approximately 15 
minutes), the unit price was estimated to be one-fourth of the unit price of a monaural 
trial, thus € 89. In 2009, the average price of a purchased hearing aid in the Nether-
lands was € 1079 (2010 unit price = € 1093), including the fitting process, hearing aid, 
and earmould (Boer&Croon, 2010; Statistics Netherlands, 2010). The costs of the 
fitting process were € 354, thus the costs of the hearing aid and earmould were € 739. 
In 2010, people could obtain a reimbursement of € 496.50 per hearing aid from their 
health care insurance company. 
Analysis 
The effectiveness of the hearing screening and rehabilitation programme was assessed 
by analysing (1) the proportion of residents who participated in the screening, (2) the 
proportion of residents with hearing loss who were willing to start rehabilitation, and 
(3) the rehabilitation success rate. We defined successful rehabilitation as having 
purchased one or two hearing aids or as having adjusted a previously fit hearing aid. 
The total programme costs were calculated and the cost distribution was examined. 
The costs per successfully rehabilitated resident were calculated by dividing the total 
costs by the number of residents for whom participation in the programme had re-
sulted in successful rehabilitation. 
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Results 
Effects 
The eight residential care homes accommodated 705 elderly people (79% female; 
interquartile age range = 82–89 years), of whom 26% (N=183) already owned hearing 
aids. Figure 1 shows separate programme participation numbers for residents with and 
without previously fit hearing aids. Overall, 34% (N=243) of the residents participated 
in the screening, 91% (N=222) of whom were screened positive for hearing loss. Of the 
residents with a positive screen outcome, 56% (N=125) consulted at least one hearing 
care professional (i.e., ENT specialist, audiologist, or hearing aid dispenser) after the 
screening. Seventy-three percent (N=91) of the residents who consulted a professional 
started rehabilitation in the form of a hearing aid trial (N=82; rehabilitation success 
rate=50%) or adjustment of a previously fit hearing aid (N=9; rehabilitation success 
rate=100%). Hearing aids were purchased by 29 residents without previously fit 
hearing aids (14 monaural, 15 binaural) and by 12 existing hearing aid owners (10 
monaural, 2 binaural). Hearing aid ownership among the residents with hearing loss 
increased from 28% at the start of the programme to 33% at the end. 
Costs 
Table 1 gives an overview of the cost calculation. The successful hearing aid trials and 
the hearing aids were the most costly aspects of the programme, consisting of 64% of 
the total programme costs, followed by the negative trials (19% of total costs) and the 
remaining costs of rehabilitation (11% of total costs). The latter included the costs of 
additional hearing testing, consultations by the ENT specialist and audiologist, and 
hearing aid adjustments. Recruitment (4% of total costs) and screening (2% of total 
costs) were the cheapest aspects of the programme. The health care system paid for 
two-thirds of the total costs (or two-thirds of the costs per successfully rehabilitated 
resident); the remaining one-third was paid for by the residents who purchased hear-
ing aids during the programme. The costs were € 1896 per successfully rehabilitated 
resident. If the programme had been targeted exclusively to residents who already 
owned hearing aids or exclusively to residents who did not yet own hearing aids, the 
respective costs would have been € 1194 or € 2522 per successfully rehabilitated 
resident. 
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Discussion 
The programme’s effectiveness was limited, as hearing aid ownership increased only 
slightly. Programme participation and rehabilitation uptake are comparable with the 
results reported by Gussekloo and colleagues (2003). They organised a similar kind of 
programme in a cohort of 85-year-old Dutch persons (57% community dwelling) and 
found an increase in hearing aid use from 34% to 50%. Thus, hearing aid uptake among 
the oldest citizens remains low, even when the accessibility of the hearing care 
services is optimised. Most residents who were not willing to participate in the 
programme stated that they were more concerned with attempts to improve other 
aspects of their functioning, which they perceived as more problematic than their 
hearing loss. 
This study also included residents who already owned a hearing aid; approximately 
one-fourth of them participated in the screening, and two-thirds of the screen 
participants started rehabilitation. Thus, the perceived need to see a hearing care 
professional among these residents was rather high. Apparently, many of the hearing 
aid owners were not fully satisfied with their hearing aids but had not taken the 
initiative to return to their hearing aid dispenser. Regular follow-up visits by the 
hearing aid dispenser to hearing aid owners in residential care homes should therefore 
be considered. 
The costs per rehabilitated resident seem reasonable. However, to draw stronger 
conclusions, information on long-term hearing aid use and benefit is warranted. It was 
not feasible to obtain these results in this study, but it is highly encouraged that these 
outcomes be included in future research on this topic. To decrease the costs per 
rehabilitated resident, one should focus on decreasing the number of negative hearing 
aid trials, because they accounted for a substantial part of the total costs without 
resulting in health gain. Difficulty handling the hearing aid, dependence on others for 
putting it in and out, and difficulty getting used to it might have caused negative trial 
outcomes. Offering comprehensive patient and caregiver education and communica-
tion training during the trial might decrease the number of negative hearing aid trials.  
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Abstract 
This study aimed to identify predictors of hearing thresholds (best-ear pure-tone 
average at 1, 2, and 4 kHz) and hearing deterioration in order to define potential target 
groups for hearing screening. We analysed data from the Maastricht Aging Study, a 
Dutch cohort (aged 24–81 years; N=1721) that was observed for 12 years. Mixed 
model analysis was used to calculate each participant’s average hearing threshold 
deterioration rate during the follow-up period. We built ordinary least square linear 
regression models to predict the baseline threshold and deterioration rate. Potential 
predictors included in these models were age, gender, type of occupation, educational 
level, cardiovascular disease, diabetes, systemic inflammatory disease, hypertension, 
obesity, waist circumference, smoking, and physical activity level. Poorer baseline 
thresholds were found to be strongly associated with faster hearing deterioration. 
Higher age, male gender, manual occupation, and large waist circumference were 
statistically significantly associated with poorer baseline thresholds and faster deterio-
ration, although the effects of occupation type and waist circumference were small. 
This study indicates that primarily age and gender must be taken into account when 
determining the target population for an adult hearing screening programme.  
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Introduction 
Hearing loss is very common in older adults. The prevalence of hearing impairment 
(expressed as best-ear pure-tone average at 0.5, 1, 2, and 4 kHz [BEPTA0.5–4 kHz] > 25 dB) 
was reported to be 0.6%, 2.0%, 5.8%, 15.0%, 31.0%, and 63.1% for people aged 20–29 
years, 30–39 years, 40–49 years, 50–59 years, 60–69 years, and ≥ 70 years, respec-
tively (Agrawal et al., 2008; Lin et al., 2011). A high prevalence of hearing impairment 
has also been associated with male gender (Fransen et al., 2008; Kiely et al., 2012b; 
Nash et al., 2011), white race (Agrawal et al., 2008; Lin et al., 2011), low educational 
level (Kiely et al., 2012b; Nash et al., 2011), low household income (Lin et al., 2011), 
manual labour (Nash et al., 2011), stroke (Kiely et al., 2012b), diabetes (Kiely et al., 
2012b), inflammatory bowel disease (Akbayir et al., 2005), rheumatoid arthritis 
(Takatsu et al., 2005), hypertension (Agrawal et al., 2008; Brant et al., 1996), over-
weight (Fransen et al., 2008), large waist circumference (Hwang et al., 2009), smoking 
(Akbayir et al., 2005; Fransen et al., 2008), and low physical activity (Nash et al., 2011), 
as well as with exposure to sunlight (Michikawa et al., 2013), noise, chemicals, and 
ototoxic medication (Van Eyken et al., 2007). However, the literature also describes 
contradictory findings. 
Factors associated with hearing loss prevalence are expected to be related to hearing 
loss incidence and progression as well. Cruickshanks and colleagues (2003) found that 
age, gender, and type of occupation, but not occupational noise exposure and educa-
tional level, were significantly associated with the 5-year incidence of hearing impair-
ment (worst-ear PTA0.5–4 kHz > 25 dB) and that only age was associated with the 5-year 
progression (hearing threshold deterioration > 5 dB). Mitchell and colleagues (2011) 
reported similar results for the 5-year incidence of hearing impairment in the best ear 
(BEPTA0.5–4 kHz > 25 dB) and the 5-year progression. Longitudinal studies on the hearing 
threshold deterioration rate only consistently identified age as a significant predictor 
(Brant et al., 1996; Davis et al., 1990; Gates & Cooper, 1991; Karlsmose et al., 2000; 
Kiely et al., 2012b). 
This study examined the association between hearing thresholds (BEPTA1–4 kHz) and a 
large set of potential predictors in a Dutch cohort between 24 and 81 years old that 
was observed for 12 years. We also longitudinally examined the association between 
the hearing threshold deterioration rate and a large array of potential predictors. 
Some of these predictors have not been included in previous comparable studies of 
this kind (Brant et al., 1996; Davis et al., 1990; Gates & Cooper, 1991; Karlsmose et al., 
2000; Kiely et al., 2012b). Furthermore, the large sample size, the wide age range of 
the study population, and the long follow-up period distinguish this study from the two 
earlier European longitudinal studies on hearing deterioration (Davis et al., 1990; 
Karlsmose et al., 2000). The results of this study could be considered in the develop-
ment of a targeted screening programme for hearing loss. 
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Methods 
Study population 
The total study population consisted of 1823 participants (aged 24–81 years) from the 
Maastricht Aging Study (MAAS), a longitudinal study on the determinants of cognitive 
aging, which started in 1993 (Jolles et al., 1995; Van Boxtel et al., 1998). Data on 
participants aged 49 years and older were collected at four points in time: at baseline 
(T0) and at 3 (T3), 6 (T6), and 12 years (T12) after baseline. Data on younger participants 
were collected at T0, T6, and T12. 
The hearing thresholds of the MAAS participants were initially assessed in a sound-
proof booth. From January 1994, however, the hearing tests were performed in a quiet 
room that was not fully soundproof. To overcome eventual bias from this change in 
measurement setting, we have not used the audiometric data collected before January 
1994. Neither did we use the audiometric data of people who reported suffering from 
Ménière’s disease (they have fluctuating hearing acuity, which was judged to be 
uninteresting for this study). 
For logistical reasons, 85 people did not have their hearing tested after January 1, 
1994, and were therefore excluded, as were the 17 people who reported Ménière’s 
disease at their first hearing test. Thus, 1721 MAAS participants remained eligible for 
participation in the cross-sectional analysis. For the longitudinal analysis, 313 more 
people were excluded, either because their hearing was tested only once (n=291) or 
because they reported Ménière’s disease at their second hearing test (n=22). Accord-
ingly, 1408 MAAS participants remained eligible for participation in the longitudinal 
analysis. 
Measures 
Pure-tone hearing thresholds were assessed for each ear at frequencies of 0.5, 1, 2, 
and 4 kHz using a screening audiometer (Interacoustics AS7, Denmark) in combination 
with circumaural headphones. In this study, we used  the thresholds at 1, 2, and 4 kHz . 
The thresholds were based on ascending responses using up 5 dB, down 10 dB steps 
with 0 dB as the lowest and 90 dB as the highest stimulus intensity, which is a variation 
of the Hughson-Westlake method for audiometric testing (Hughson & Westlake, 1944). 
The participants’ BEPTA1–4 kHz was calculated at every point in time. Other objectively 
measured participant characteristics included height, weight, waist circumference, and 
blood pressure. Individuals with a body mass index of 30 kg/m
2
 or more were classified 
as obese (World Health Organisation, 2008). Participants with a waist circumference 
more than 102 cm (men) or 88 cm (women) were labelled as having a large waist 
circumference (World Health Organisation, 2008). Participants with a diastolic blood 
pressure above 90 mmHg were considered to be hypertensive. Furthermore, hyper-
tension was diagnosed whenever the systolic blood pressure was greater than 140 
mmHg (for adults younger than age 60) or 160 mmHg (for adults aged 60 or older) 
(Walma et al., 2003). 
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Information on the participants’ type of occupation (manual versus intellectual labour), 
level of education (primary education or lower vocational training versus higher 
education), presence of cardiovascular disease, presence of diabetes, presence of a 
systemic inflammatory disease (either rheumatoid arthritis or inflammatory bowel 
disease), smoking status (current smoker versus ex- or nonsmoker), and physical 
activity (low versus moderate to high) was obtained by self-report. 
Analysis 
Ordinary least square (OLS) linear regression models were made to predict BEPTA1–4 kHz 
at baseline. Predictors included in the models were: age, age
2
, gender, type of occupa-
tion, educational level, cardiovascular disease, diabetes, chronic inflammatory disease, 
hypertension, obesity, waist circumference, smoking, and physical activity level. The 
strength (B-estimates) and statistical significance (p-values) of the associations 
between baseline BEPTA1–4 kHz and the predictors (baseline values) were examined in 
univariate models first, and thereafter in a full multivariate model that included all 
predictors. Next, we excluded nonsignificant predictors (p > 0.05) from the full multi-
variate model one by one (backward selection). The adjusted R
2
 (R
2
adj) of the resulting 
“final” multivariate model and the univariate models were compared with each other. 
The R
2
adj reflects the proportion of the total interindividual variance in baseline 
BEPTA1–4 kHz that is explained by the baseline values of the predictor(s) in the model, 
with an adjustment for the number of predictors in the model so that an increase in 
the number of predictors does not necessarily result in an increase in R
2
adj. 
We started the longitudinal analysis by examining the pattern of hearing threshold 
deterioration over time. Two linear mixed models were made to determine whether 
the change in BEPTA1–4 kHz hearing levels over time followed a linear or an exponential 
pattern during the 12-year follow-up period. The models included random and fixed 
effect variance components for the intercept and slope (either time or time
2
) with an 
unstructured covariance matrix. By specifying a model with a random intercept and a 
random slope, a linear (in case of time) or a quadratic (in case of time
2
) regression line 
was fitted for each individual separately. The goodness of fit of linear mixed models is 
expressed by the Bayesian Information Criteria (BIC) value, where lower BIC values 
indicate better model fit. We compared the BIC value for the model with time with the 
BIC value for the model with time
2
 to assess whether the actual pattern of BEPTA1–4 kHz 
hearing levels over time is best described by a linear or by a quadratic model. 
Next, we calculated the average hearing deterioration rate for each individual, based 
on the regression line that was predicted by the linear mixed model with time. With 
OLS linear regression, we examined the relationship between baseline BEPTA1–4 kHz and 
the deterioration rate. Furthermore, OLS linear regression models (univariate models 
and a full and final multivariate model) were made to predict the individuals’ average 
hearing deterioration rate based on the baseline values of the following non-
audiometric predictors: age, age
2
, gender, type of occupation, educational level, 
cardiovascular disease, diabetes, chronic inflammatory disease, hypertension, obesity, 
waist circumference, smoking, and physical activity level. We inspected the predictors’ 
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B-estimates and p-values as well as the proportion of the interindividual variance in 
hearing deterioration rates explained by the predictor(s) in the model (R
2
adj). 
All analyses were done for the total population, and for the young (24–42 years), 
middle-aged (43–62 years), and older (63–81 years) adults separately. 
Results 
Participants 
The baseline characteristics of the participants who were included in the cross-
sectional (N=1721) and longitudinal analysis (N=1408) are given in Table 1 (total 
population) and Appendix Table A1 (separately per age group). Of the 1408 people 
who were included in the longitudinal analysis, 411 (29%) had their hearing tested 
twice, 701 (50%) had their hearing tested three times, and 296 (21%) had their hearing 
tested four times within a follow-up period of 3 to 12 years. For 149 people (11%), the 
time span between the first and the last audiometric assessment was 3 years; for 379 
people (27%) it was 6 years; for 109 people (8%) it was 9 years; and for 771 people 
(55%) it was 12 years. The mean length of follow-up was 9.5 years. 
                   Table 1. Baseline population characteristics 
    Cross-sectional 
 analysis (N=1721) 
        Longitudinal 
    analysis (N=1408) 
Age, median (range), in years 52.7 (24.0–84.7) 51.3 (24.0–83.7) 
BEPTA, median (IQR), in dB 11.7 (5.0–23.3) 10.0 (5.0–21.7) 
BEPTA > 25 dB, n (%) 380 (22.1) 269 (19.1) 
Male gender, n (%) 868 (50.4) 731 (51.9) 
Manual occupation, n (%) 832 (49.6) 664 (48.2) 
Low educational level, n (%) 651 (37.9) 511 (36.3) 
Cardiovascular disease, n (%) 289 (16.8) 207 (14.7) 
Diabetes, n (%) 70 (4.1) 51 (3.6) 
Chronic inflammatory disease, n (%) 175 (10.2) 135 (9.6) 
Hypertension, n (%) 325 (18.9) 258 (18.3) 
Obesity, n (%) 341 (19.8) 263 (18.7) 
Large waist circumference, n (%) 480 (27.9) 369 (26.2) 
Smoking, current, n (%) 478 (27.8) 377 (26.8) 
Low physical activity, n (%) 773 (45.1) 635 (45.1) 
                       Abbreviations: BEPTA, best-ear pure-tone average (1, 2, and 4 kHz); IQR, interquartile range. 
Predictors of the baseline hearing threshold (cross-sectional analysis) 
Table 2 shows the final multivariate model for the total population; the univariate 
models and the full multivariate model can be found in Appendix Table A2. In all 
models for the total population, age was by far the strongest predictor of baseline 
BEPTA1–4 kHz. We found a positive quadratic relationship between baseline BEPTA1–4 kHz 
and baseline age (Figure 1). The model with age and age
2
 explained 48.7% 
(95%CI=45.3–52.1) of the total interindividual variance in BEPTA1–4 kHz. Inclusion of 
other statistical significant predictors – that is, gender, type of occupation, and waist 
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circumference – raised the explained variance to 50.9% (95%CI=47.5–54.2; final 
multivariate model). Gender was the second strongest predictor of baseline BEPTA1–4 
kHz in the final multivariate model with men having 4.2 dB (95%CI=3.2–5.1) poorer 
hearing thresholds than women. 
Table 2 also shows the results of the final OLS linear regression models for the three 
age groups separately. Age was still the strongest predictor of baseline hearing 
thresholds but the proportion of variance in BEPTA1–4 kHz explained by age was low: 
8.5% (95%CI=4.1–12.9) in young adults, 9.9% (95%CI=5.5–14.3) in middle-aged adults, 
and 9.4% (95%CI=4.7–14.1) in older adults. Inclusion of other statistical significant 
predictors raised the explained variance to 10.8% (95%CI=6.0–15.6) in young adults, 
15.2% (95%CI=10.0–20.4) in middle-aged adults, and 18.4% (95%CI=12.3–24.5) in older 
adults. Gender was the second strongest predictor of baseline BEPTA1–4 kHz in the final 
multivariate model for middle-aged and older adults, but we did not find a gender 
effect in the youngest age group. Adjusted for all other significant predictors, middle-
aged and older men had, respectively, 4.4 dB (95%CI=2.8–5.9) and 7.9 dB (95%CI=5.6–
10.2) poorer hearing thresholds than middle-aged and older women. The hearing 
thresholds of middle-aged and older men were comparable to the hearing thresholds 
of women who were respectively 8.4 years (95%CI=5.5–11.3) or 9.1 years (95%CI=6.5–
11.8) older. A third strong predictor was type of occupation, with older adults with 
manual labour having 4.8 dB (95%CI=2.5–7.2) poorer hearing thresholds than older 
adults with intellectual labour. 
 
 
 
Figure 1. The relationship between the best-ear pure-tone average (1, 2, 
and 4 kHz) and age at baseline (N=1721) 
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Predictors of the hearing threshold deterioration rate (longitudinal analysis) 
Pattern of hearing deterioration 
The BIC value for the model with time (BIC=28749) was lower than the BIC value for 
the model with time
2
 (BIC=29224), which means that the pattern of hearing deteriora-
tion over time is better represented by a linear function than by a quadratic function. 
Thus, the study participants’ BEPTA1–4 kHz changed at a constant rate during the 12-year 
follow-up period. The overall median hearing deterioration rate was 7.3 dB/decade 
(interquartile range [IQR]=5.3–10.9). For young adults, it was 5.1 dB/decade (IQR=4.2–
6.1); for middle-aged adults, it was 7.6 dB/decade (IQR=6.0–10.0); and for older adults, 
it was 12.3 dB/decade (IQR=9.5–14.6). 
Deterioration rate in relation to the baseline hearing threshold 
The hearing deterioration rate was linearly related to baseline BEPTA1–4 kHz (Figure 2). 
In a univariate model, baseline BEPTA1–4 kHz explained 79.5% (95%CI=77.6–81.4) of the 
total interindividual variance in the hearing deterioration rate. The proportion of 
variance explained by baseline BEPTA1–4 kHz was 45.8% (95%CI=39.2–52.4) in young 
adults, 60.7% (95%CI=55.6–65.8) in middle-aged adults, and 75.5% (95%CI=71.2–79.8) 
in older adults. 
 
 
 
Figure 2. The relationship between the hearing threshold deterioration rate 
and the best-ear pure-tone average (1, 2, and 4 kHz) at baseline (N=1408) 
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Deterioration rate in relation to nonaudiometric factors 
Table 3 shows the final multivariate model for the total population; the univariate 
models and the full multivariate model can be found in Appendix Table A3. In all 
models for the total population, age was by far the strongest nonaudiometric predictor 
of the hearing threshold deterioration rate. The hearing deterioration rate was 
quadratically related to baseline age (Figure 3). The model with age and age
2
 explained 
54.8% (95%CI=51.3–58.3) of the total interindividual variance in the hearing deteriora-
tion rate. Inclusion of other statistical significant nonaudiometric predictors – that is, 
gender, type of occupation, and waist circumference – raised the explained variance to 
56.6% (95%CI=53.2–60.0; final multivariate model). Gender was the second strongest 
nonaudiometric predictor of the deterioration rate in the final multivariate model with 
men having a 1.1 dB/decade (95%CI=0.8–1.4) faster deterioration than women. 
 
 
 
Figure 3. The relationship between the hearing threshold deterioration rate 
and age at baseline (N=1408) 
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Table 3 also shows the results of the final OLS linear regression models for the three 
age groups separately. Age was still the strongest nonaudiometric predictor of the 
deterioration rate but the proportion of variance explained by age was low: 9.8% 
(95%CI=4.7–14.9) in young adults, 14.5% (95%CI=9.1–19.9) in middle-aged adults, and 
8.9% (95%CI=3.5–14.3) in older adults. Inclusion of other statistical significant non-
audiometric predictors raised the explained variance to 12.6% (95%CI=7.0–18.2) in 
young adults, 20.7% (95%CI=14.8–26.6) in middle-aged adults, and 16.4% (95%CI=9.5–
23.3) in older adults. Gender was the second strongest nonaudiometric predictor of 
the hearing deterioration rate in the final multivariate model for middle-aged and 
older adults but not for young adults. Adjusted for all significant nonaudiometric 
predictors, the deterioration rate was, respectively, 1.3 dB/decade (95%CI=0.9–1.7) 
and 1.8 dB/decade (95%CI=1.2–2.5) higher in middle-aged and older men than in 
middle-aged and older women. 
Discussion 
Consistent with other studies, we found that higher age and male gender were signifi-
cantly associated with poorer baseline hearing levels (Agrawal et al., 2008; Fransen et 
al., 2008; Kiely et al., 2012b; Lin et al., 2011; Nash et al., 2011). The positive quadratic 
relationship we found between age and the deterioration rate has also been described 
in earlier studies (Kiely et al., 2012b; Pearson et al., 1995). Age explained 8.9% of the 
interindividual variance in the deterioration rate in adults ≥ 63 years in this study, 
which is comparable to the 9% described by Gates and Cooper (1991) and by Viljanen 
and colleagues (2007) for adults aged ≥ 58 years. 
Poorer hearing at baseline (BEPTA1–4 kHz) was significantly associated with faster hearing 
deterioration in the subsequent 3–12 years. The baseline hearing levels explained 
79.5% of the interindividual variance in the deterioration rate. To our knowledge, only 
two earlier studies have examined the association between baseline pure-tone aver-
age thresholds and the deterioration rate (Davis et al., 1990; Gates & Cooper, 1991). 
No significant association with the deterioration rate was found for PTA0.5–4 kHz (Davis et 
al., 1990) and PTA0.5–2 kHz (Gates & Cooper, 1991), but poorer baseline PTA4–8 kHz was 
found to be related to slower deterioration (Gates & Cooper, 1991). In these two 
studies, the analyses were performed for the left and right ear separately. The mean 
age of our population was lower, our study population was much larger, and our 
follow-up period was twice as long. These differences may explain the discrepancy in 
results between the previous and current studies. Poorer baseline hearing levels (in 
comparison to age-matched peers) may reflect a high genetic susceptibility to hearing 
loss, which would explain the faster deterioration we found in adults with poorer 
baseline hearing levels. Cross-sectional twin studies recently revealed that inter-
individual differences in hearing levels are primarily attributed to genetic variation: for 
example, Viljanen and colleagues (2007) found that genetic effects accounted for 75% 
(95%CI=67–81) of the total variance in BEPTA0.5–4 kHz for older women and Wingfield 
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and colleagues (2007) found that genetic effects explained 65%–66% (95%CI=45–74) of 
the total variance in both BEPTA0.5–2 kHz and BEPTA4–8 kHz for older men. 
We found a great overlap between the predictors of baseline BEPTA1–4 kHz and the 
predictors of the hearing deterioration rate (even 100% agreement in the nonstratified 
models), which is not surprising, given the strong relationship between baseline 
BEPTA1–4 kHz and the deterioration rate. Gender, type of occupation, cardiovascular 
disease, waist circumference, and obesity were related to the hearing deterioration 
rate in at least one of the age groups, but their effect was consistently small (maximum 
1.8 dB/decade). This is the first longitudinal study to examine the relationship between 
the hearing threshold deterioration rate and chronic inflammatory disease, obesity, 
waist circumference, and physical activity level. Studies on the relationship between 
cardiovascular disease, smoking, and diabetes at baseline have consistently reported 
that these factors are not related to the hearing threshold deterioration rate (Brant et 
al., 1996; Davis et al., 1990; Karlsmose et al., 2000; Kiely et al., 2012b). Studies on the 
deterioration rate in BEPTA0.5–4 kHz have not detected a gender difference (Davis et al., 
1990; Kiely et al., 2012b; Mitchell et al., 2011), although gender differences in the 
single frequency deterioration rate have been reported (Lee et al., 2005; Pearson et 
al., 1995; Wiley et al., 2008). Previous longitudinal studies also found inconsistent 
results for type of occupation, educational level, and hypertension (Brant et al., 1996; 
Cruickshanks et al., 2003; Davis et al., 1990; Karlsmose et al., 2000; Kiely et al., 2012b; 
Mitchell et al., 2011). 
This study has several limitations. First, the audiometric measurements did not take 
place in a fully soundproof booth. Consequently, ambient noise – which is usually low 
frequent noise – might have biased the hearing thresholds at the lower frequencies. 
For this reason, we excluded the 0.5 kHz measurement, but we cannot rule out that 
the 1 kHz measurement was biased for some participants. Another limitation is the 
ethnicity of the participants, who were mainly white Caucasian. This limits the gener-
alizability of the results because hearing thresholds are known to differ between races 
(Agrawal et al., 2008; Lin et al., 2011). A third study limitation is that we were unable 
to include information about noise exposure in the model. Cross-sectional studies have 
consistently reported an association between noise exposure and hearing loss (Van 
Eyken et al., 2007), but it is difficult to accurately estimate noise exposure (e.g. expo-
sure time, frequency, noise intensity, use of ear protection) and to capture it in one or 
two parameters that can be used in a prediction model. However, previous longitudi-
nal studies have not found a significant relationship between noise exposure and the 
hearing threshold deterioration rate (Davis et al., 1990; Karlsmose et al., 2000; Lee et 
al., 2005); neither did noise exposure confound the effects of other predictors (Kiely et 
al., 2012b). A final study limitation is that we did not collect information on ototoxic 
medication use, exposure to ototoxic chemicals, or a family history of hearing loss.  
We chose to use the best-ear hearing thresholds instead of the worst-ear hearing 
thresholds because best-ear hearing thresholds were thought to be more closely 
related to hearing disability, adherence to screening advice, and hearing aid use. 
However, future studies that are aimed at the causal relationships between environ-
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mental factors and hearing loss (e.g. in order to develop interventions to prevent 
hearing impairment and further deterioration) are advised to use the worst-ear 
hearing thresholds, because those have been reported to be more influenced by 
environmental factors than the best-ear hearing thresholds (Wingfield et al., 2007). 
In conclusion, our results indicate that primarily age and gender must be taken into 
account when determining the target population for an adult hearing screening 
programme. 
  
 
Targets for high-risk group screening 73 
Appendix 
 
Ta
b
le
 A
1
. B
as
e
lin
e
 p
o
p
u
la
ti
o
n
 c
h
ar
ac
te
ri
st
ic
s 
O
ld
er
 a
d
u
lt
s 
Lo
n
gi
tu
d
in
al
 
an
al
ys
is
 (
N
=
3
8
0
) 
(6
3
–8
4
) 
(1
7
–3
8
) 
(5
0
.8
) 
(5
0
.0
) 
(5
9
.3
) 
(3
1
.6
) 
(3
3
.9
) 
(8
.2
) 
(1
7
.6
) 
(2
4
.2
) 
(2
6
.1
) 
(3
9
.5
) 
(1
6
.8
) 
(4
5
.0
) 
A
b
b
re
vi
at
io
n
s:
 B
EP
TA
, b
es
t-
ea
r 
p
u
re
-t
o
n
e 
av
er
ag
e 
(1
, 2
, a
n
d
 4
 k
H
z)
; 
IQ
R
, i
n
te
rq
u
ar
ti
le
 r
an
ge
. 
7
0
 
2
7
 
1
9
3
 
1
9
0
 
2
1
4
 
1
2
0
 
1
2
9
 
3
1
 
6
7
 
9
2
 
9
9
 
1
5
0
 
6
4
 
1
7
1
 
C
ro
ss
-s
ec
ti
o
n
al
 
an
al
ys
is
 (
N
=
5
3
7
) 
(6
3
–8
5
) 
(1
8
–4
0
) 
(5
3
.8
) 
(4
9
.0
) 
(5
9
.2
) 
(3
3
.1
) 
(3
7
.6
) 
(8
.9
) 
(1
7
.9
) 
(2
6
.3
) 
(2
7
.6
) 
(4
2
.0
) 
(1
9
.1
) 
(4
5
.9
) 
7
1
 
2
7
 
2
8
9
 
2
6
3
 
2
9
9
 
1
7
7
 
2
0
2
 
4
8
 
9
6
 
1
4
0
 
1
4
8
 
2
2
5
 
1
0
2
 
2
4
4
 
M
id
d
le
-a
ge
d
 a
d
u
lt
s 
Lo
n
gi
tu
d
in
al
 
an
al
ys
is
 (
N
=
5
5
7
) 
(4
3
–6
2
) 
 (7
–2
0
) 
(1
2.
2
) 
(5
2.
2
) 
(4
9.
3
) 
(3
9.
0
) 
(1
2.
6
) 
(3
.1
) 
(9
.9
) 
(2
4.
2
) 
(1
9.
2
) 
(2
7.
8
) 
(2
8.
4
) 
(4
3.
6
) 
53
 
12
 
68
 
29
1
 
27
2
 
21
7
 
70
 
17
 
55
 
13
5
 
10
7
 
15
5
 
15
8
 
24
3
 
C
ro
ss
-s
ec
ti
o
n
al
 
an
al
ys
is
 (
N
=
62
8)
 
(4
3
–6
2)
 
 (7
–2
0)
 
(1
2.
6)
 
(5
0.
8)
 
(5
0.
6)
 
(4
1.
6)
 
(1
2.
4)
 
(3
.0
) 
(1
0.
2)
 
(2
4.
0)
 
(1
9.
9)
 
(2
8.
0)
 
(2
8.
8)
 
(4
2.
4)
 
53
 
12
 
79
 
31
9
 
31
5
 
26
1
 
78
 
19
 
64
 
15
1
 
12
5
 
17
6
 
18
1
 
26
6
 
Yo
u
n
g 
ad
u
lt
s 
Lo
n
gi
tu
d
in
al
 
an
al
ys
is
 (
N
=
47
1)
 
(2
4
–4
2)
 
(2
–8
) 
(1
.7
) 
(5
3.
1)
 
(3
8.
2)
 
(3
6.
9)
 
(1
.7
) 
(0
.6
) 
(2
.8
) 
(6
.6
) 
(1
2.
1)
 
(1
3.
6)
 
(3
2.
9)
 
(4
6.
9)
 
35
 
5
 
8
 
25
0
 
17
8
 
17
4
 
8
 
3
 
13
 
31
 
57
 
64
 
15
5
 
22
1
 
C
ro
ss
-s
ec
ti
o
n
al
 
an
al
ys
is
 (
N
=
55
6)
 
(2
4
–4
2)
 
(2
–8
) 
(2
.2
) 
(5
1.
4)
 
(3
9.
6)
 
(3
8.
3)
 
(1
.6
) 
(0
.5
) 
(2
.7
) 
(6
.1
) 
(1
2.
2)
 
(1
4.
3)
 
(3
5.
1)
 
(4
7.
4)
 
34
 
5
 
12
 
28
6
 
21
8
 
21
3
 
9
 
3
 
15
 
34
 
68
 
79
 
19
5
 
26
3
 
  
A
ge
, m
ed
ia
n
 (
ra
n
ge
),
 in
 y
ea
rs
 
B
EP
TA
, m
ed
ia
n
 (
IQ
R
),
 in
 d
B
 
B
EP
TA
 >
 2
5 
d
B
, n
 (
%
) 
M
al
e 
ge
n
d
er
, n
 (
%
) 
M
an
u
al
 o
cc
u
p
at
io
n
, n
 (
%
) 
Lo
w
 e
d
u
ca
ti
o
n
al
 le
ve
l, 
n
 (
%
) 
C
ar
d
io
va
sc
u
la
r 
d
is
ea
se
, n
 (
%
) 
D
ia
b
et
es
, n
 (
%
) 
C
h
ro
n
ic
 in
fl
am
m
at
o
ry
 d
is
ea
se
, 
n
 (
%
) 
H
yp
er
te
n
si
o
n
, n
 (
%
) 
O
b
es
it
y,
 n
 (
%
) 
La
rg
e 
w
ai
st
 c
ir
cu
m
fe
re
n
ce
, n
 (
%
) 
Sm
o
ki
n
g,
 c
u
rr
en
t,
 n
 (
%
) 
Lo
w
 p
h
ys
ic
al
 a
ct
iv
it
y,
 n
 (
%
) 
  
 
74 Chapter 5 
Table A2. Linear regression models to predict the best-ear pure-tone average (1, 2, and 4 kHz) at baseline 
(N=1721) 
 Univariate models Full multivariate model 
    B (SE) p R2adj                B (SE) p 
Age 0.595 (0.015) <0.001 0.469 0.140 (0.058) 0.015 
Age2 0.008 (0.001) <0.001 0.487 0.008 (0.001) <0.001 
Male gender 3.422 (0.668) <0.001 0.014 4.067 (0.497) <0.001 
Manual occupation 4.295 (0.670) <0.001 0.023 1.933 (0.544) <0.001 
Low educational level -0.281 (0.694) 0.686 0.000 0.224 (0.550) 0.683 
Cardiovascular disease 12.266 (0.851) <0.001 0.107 1.138 (0.714) 0.111 
Diabetes 9.831 (1.688) <0.001 0.019 0.866 (1.247) 0.487 
Chronic inflammatory disease 6.348 (1.103) <0.001 0.018 0.618 (0.816) 0.449 
Hypertension 5.204 (0.848) <0.001 0.021 -0.743 (0.632) 0.240 
Obesity 5.275 (0.835) <0.001 0.022 0.751 (0.782) 0.337 
Large waist circumference 6.591 (0.734) <0.001 0.044 0.892 (0.716) 0.213 
Smoking, current -2.029 (0.750) 0.007 0.004 0.845 (0.540) 0.118 
Low physical activity 1.110 (0.675) 0.100 0.001 0.647 (0.483) 0.181 
B-estimates can be interpret as the difference in the baseline hearing threshold (in dB) per unit change in the predictor. Age 
(in years) is centred to the age of the youngest participant in the models (i.e. 24 years). The univariate model with age
2
 also 
includes age. 
Table A3. Linear regression models to predict the hearing threshold deterioration rate in dB/decade 
(N=1408) 
 Univariate models Full multivariate model 
                B (SE) p R2adj                B (SE) p 
Age 0.180 (0.004) <0.001 0.535 0.072 (0.017) <0.001 
Age2 0.002 (0.0003) <0.001 0.548 0.002 (0.0003) <0.001 
Male gender 0.824 (0.200) <0.001 0.011 1.062 (0.140) <0.001 
Manual occupation 1.160 (0.199) <0.001 0.023 0.450 (0.152) 0.003 
Low educational level -0.167 (0.209) 0.423 0.000 -0.068 (0.155) 0.663 
Cardiovascular disease 3.223 (0.270) <0.001 0.091 0.249 (0.205) 0.224 
Diabetes 2.720 (0.532) <0.001 0.018 0.089 (0.366) 0.807 
Chronic inflammatory disease 1.767 (0.338) <0.001 0.018 -0.085 (0.233) 0.715 
Hypertension 1.375 (0.257) <0.001 0.019 -0.146 (0.178) 0.413 
Obesity 1.342 (0.255) <0.001 0.019 0.100 (0.223) 0.654 
Large waist circumference 1.809 (0.223) <0.001 0.044 0.311 (0.204) 0.127 
Smoking, current -0.734 (0.226) 0.001 0.007 0.164 (0.153) 0.285 
Low physical activity 0.235 (0.202) 0.243 0.000 0.203 (0.136) 0.135 
B-estimates can be interpret as the difference in the deterioration rate (in dB/decade) per unit change in the predictor. Age 
(in years) is centred to the age of the youngest participant in the models (i.e. 24 years). The univariate model with age2 also 
includes age. 
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Abstract 
This study aimed to assess the cost-effectiveness of screening 50- to 70-year-old adults 
for hearing loss in the Netherlands. The costs per quality-adjusted life year (QALY) of 
current practice (no screening) and 76 adult hearing screening strategies were ana-
lysed using a Markov model with cohort simulation for the year 2011. The screening 
strategies varied in the age at first screening (either 50, 55, 60, 65, or 70 years), the 
number of repeated screenings (up to five repetitions), the time interval between 
repeated screenings (either 5 or 10 years), and the type of screening which was either 
telephone screening, internet screening, screening at the practice of the general 
practitioner (GP) with a hand-held screening device, or screening at the GP practice 
with a standard audiometer. Screening was deemed to be cost-effective if the costs 
were less than € 20000 per QALY. We found that all screening strategies were cost-
effective compared to current practice. Screening at the GP practice was generally 
more costly but less effective than telephone or internet screening. The internet 
screening strategies were slightly better than the telephone screening strategies. 
Internet screening at age 50, repeated at ages 55, 60, 65, and 70 was the most cost-
effective strategy, costing € 3699 per QALY. At a threshold of € 20000 per QALY this 
strategy was with 100% certainty cost-effective compared to current practice and with 
69% certainty the most cost-effective strategy among all strategy. This strategy might 
be considered for nationwide implementation.  
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Introduction 
Untreated hearing loss has a variety of negative consequences, including social isola-
tion, loneliness, psychosocial distress, anxiety, and depression (Gopinath et al., 2009; 
Monzani et al., 2008; Nachtegaal et al., 2009). Hearing aid fitting can increase the 
quality of life of people with a hearing loss (Chia et al., 2007; Chisolm et al., 2007; 
Vuorialho et al., 2006). It is a cost-effective intervention compared to no rehabilitation 
(Chao & Chen, 2008; Joore et al., 2003a). Nevertheless, adults generally postpone 
seeking help until five to ten years after the onset of their hearing loss (Davis et al., 
2007; Leegwater & Lammerts van Bueren, 2005; Meister et al., 2008). People mainly 
postpone seeking help because they are unaware or in denial of the hearing loss and 
believe they can still manage without hearing aids (Van Thiel, 2010). 
Seeking help at an early stage is important because adults who start using hearing aids 
early – that is, at a relatively young age or when their hearing loss is still relatively mild 
– do not only have more years with benefit ahead, but also have greater benefit from 
their hearing aids during later life than adults who started using hearing aids late 
(Davis et al., 2007). This can be explained by the fact that older adults have more 
difficulty adapting to hearing aids and learning to use new technology because of 
poorer cognitive performance and poorer learning ability (Humes, 2007; Janacsek et 
al., 2012). Moreover, people with poorer cognitive performance often have difficulty in 
formulating their needs during a hearing aid trial, which can result in a suboptimal 
hearing aid fit (Lunner, 2003). 
Adult hearing screening is thought to motivate people to seek help earlier. Studies in 
the United Kingdom showed that screening can triple hearing aid ownership among 
middle-aged adults (Davis et al., 1992; Stephens et al., 1990). The only randomised 
controlled trial to the effectiveness of screening so far, showed that screening with an 
objective measurement instrument can almost double the 1-year incidence of hearing 
aid use (Yueh et al., 2010). Adult hearing screening is found to be a cost-effective 
intervention to increase hearing aid use and quality of life in comparison to no 
screening (Liu et al., 2011; Morris et al., 2013). Screening with an objective 
measurement instrument outperformed screening with a subjective measurement 
instrument (questionnaire) and screening with an objective and subjective instrument 
combined (Liu et al., 2011; Morris et al., 2013). Our study is the first that assessed the 
costs and the effects on quality of life of telephone and internet screening. The costs 
and effects were compared to those of screening with a hand-held screening device 
(like Liu and colleagues), screening with an audiometer (like Morris and colleagues), 
and current practice in the Netherlands (no nationwide adult hearing screening 
programme). 
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Methods 
Model structure 
A Markov model was constructed to evaluate the cost-effectiveness of adult hearing 
screening from a healthcare perspective. All costs were in Euros (€ 1.00 is US $ 1.38 
and £ 0.87, average 2011 conversion rates). The effectiveness measure in the model 
was the quality-adjusted life year (QALY) which is a combined measure of health-
related quality of life and duration of life. The model allowed simulating the lifetime 
course of events in 50-year-old adults who do not own hearing aids. Possible events 
included hearing deterioration, hearing aid uptake, hearing aid replacement, hearing 
aid discard, and dying. The health states of the model were based on hearing loss 
severity and hearing aid use (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. General structure of the Markov model 
The solid and dashed lines represent the transitions to other health states by hearing deterioration (bold 
black lines), hearing aid uptake (thin black lines), hearing aid discard (dashed lines), and dying (grey lines). 
Screening is offered to people without hearing aids and impacts only the probability of hearing aid uptake. 
BEPTA, best-ear pure-tone average (0.5, 1, 2, and 4 kHz); HA, hearing aid; HI, hearing impairment. 
 
 
For hearing loss severity, the classification of the World Health Organisation was used 
with a hearing threshold (pure-tone average at 0.5, 1, 2, and 4 kHz) between 25 to 40 
dB in the best ear indicating mild hearing impairment and a hearing threshold of more 
than 40 dB in the best ear indicating moderate to severe hearing impairment. A 
hearing threshold of 25 dB or less in the best ear indicated either normal hearing or 
unilateral hearing impairment. With unilateral hearing impairment we refer to a 
hearing threshold of 25 dB or less in the best ear, a hearing threshold of more than 25 
dB in the worst ear, and an interaural difference of either 10 dB or more at three 
frequencies, 15 dB or more at two frequencies, or 20 dB or more at one frequency. 
Approximately 27% of the people with a hearing threshold of 25 dB or less in the best 
ear have unilateral hearing impairment (Duijvestijn et al., 2003). We assumed that 
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among adults with a hearing threshold of 25 dB or less in the best ear only adults with 
unilateral hearing impairment might take up hearing aids. However, we did not 
consider normal hearing and unilateral hearing impairment as separate health states in 
our model because data on the annual probability to develop mild hearing impairment 
for these two groups separately were not available. 
The model simulated current practice (no screening) and four types of nationwide 
screening: 
 Telephone screening: the target population is invited by letter to do the 
National Hearing Test by telephone. The National Hearing Test is a fully 
automatic adaptive speech-in-noise test that uses digit-triplets as speech 
material. It was developed and validated by Smits and colleagues (2004). There 
are three possible outcomes: good, insufficient, and poor hearing. People with 
insufficient or poor hearing are considered screen-positive. Since only one ear is 
tested (usually the participant’s best ear), the test is unable to detect unilateral 
hearing impairment. 
 Internet screening: the target population is invited by letter to do the National 
Hearing Test by internet (www.hoortest.nl). The test was developed by Smits 
and colleagues (2006) and validated by Leensen and colleagues (2011). It is 
greatly similar to the telephone test, except for the fact that the internet test 
presents the signals to both ears simultaneously. The internet test will not 
detect unilateral hearing impairment. 
 HearCheck screening: members from the target population who visit the prac-
tice of the general practitioner (GP), for whatever reason, are offered a hearing 
screening test while waiting for a consultation with their GP. The GP assistant 
performs the screening using the Siemens HearCheck Navigator. The Siemens 
HearCheck Navigator is a hand-held screening device that emits five tones: 
375Hz (35dB), 1000Hz (55dB and 35dB), and 3000Hz (75dB and 35dB). 
Depending on which tones are heard, the test will inform the participants 
whether their hearing in the tested ear is good, insufficient or poor. Both ears 
are tested separately, therefore unilateral hearing impairment can be detected. 
People with insufficient or poor hearing in one or both ears are considered 
screen-positive. The GP discusses the outcome with everyone who screened 
positive. 
 Audiometric screening: members from the target population who visit the GP 
practice, for whatever reason, are offered a hearing screening test while waiting 
for a consultation with their GP. The GP assistant performs standard pure-tone 
audiometry. As this is the gold standard, everyone with hearing impairment is 
screen-positive and everyone with normal hearing is screen-negative. The GP 
discusses the outcome with everyone who screened positive. 
In total, 76 different screening strategies were included in the economic evaluation. 
The strategies were varied in the type of screening, the age at first screening (either 
50, 55, 60, 65, or 70 years), the number of repeated screenings (up to five repetitions), 
and the time interval between repeated screenings (either 5 or 10 years). The model 
 
80 Chapter 6 
was constructed using Microsoft Excel 2010 with customised macros and had a lifetime 
time horizon with a cycle length of 1 year. 
Model input 
In the paragraphs below we briefly describe which parameters were accounted for in 
the model. An elaborate description of our considerations, calculations, and 
assumptions with regard to the parameter estimates is given in the appendix. 
Appendix Table A1 lists the model parameter estimates used to calculate the costs and 
effects of hearing care in current practice, including base case parameter estimates, 
distributions, and references to data sources. Appendix Table A2 lists the additional 
model input for the screening specific parameters. 
Transition probabilities 
At model entrance, the cohort comprised adults without hearing aids who were 
distributed over the three possible starting states based on the prevalence of 
uncorrected mild and moderate to severe hearing impairment in the general 
population (Mitchell et al., 2011). Hearing deterioration was modelled using estimates 
of the one-year incidence of mild and moderate to severe hearing impairment that 
were, like the prevalence data, derived from the Blue Mountains Hearing Study 
(Mitchell et al., 2011). We used age and gender specific annual mortality figures from 
the Dutch life tables (Statistics Netherlands, 2011). The probability of hearing aid 
discard was set at 6% in all strategies (Van den Brink et al., 1996). We modelled that 
screening would be offered exclusively to people without hearing aids and that it 
would only influence the probability of hearing aid uptake (thin black arrows in Figure 
1). The probability of hearing aid uptake was modelled separately for current practice 
and for each screening strategy as a function of the following parameters: the 
probability of screen participation, the validity of the screening test, the probability of 
help-seeking (first step), the probability that a help-seeker continues help-seeking, the 
probability that someone who continued help-seeking starts a hearing aid trial, and the 
probability that the trial is ended successfully and thus resulted in hearing aid 
purchase. The screening strategies differed in the probability of screen participation, 
the validity of the screening test, the probability of help-seeking, and the probability of 
continued help-seeking. Estimates of these screening specific probabilities and the 
sources on which they were based can be found in Appendix Table A2. The probability 
that someone who continued help-seeking starts a hearing aid trial and the probability 
of trial success were assumed not to be influenced by screening. For adults who did 
not participate in screening, we used the probabilities of help-seeking and continued 
help-seeking from current practice. 
In the Netherlands, the first step in help-seeking for hearing impairment is a 
consultation with either the GP or the hearing aid dispenser. Continued help-seeking 
may include a consultation with the ear, nose, and throat (ENT) specialist, a 
consultation at the Audiological Centre, and/or an intake meeting with the hearing aid 
dispenser (see Appendix Figure A1 for a schematic overview of possible paths in 
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continued help-seeking). The ENT specialist clinically examines the ear, removes ear 
wax, diagnoses ear pathology, performs hearing tests, informs the help-seeker about 
treatment possibilities, and prescribes hearing aids to those who are willing to try 
them. Furthermore, the ENT specialist refers help-seekers to the Audiological Centre in 
case of a need for additional counselling, problems in accepting hearing impairment, 
limited willingness to use hearing aids, severe hearing loss, poor speech discrimination, 
and the presence of additional sensory or mental disability. The hearing aid dispenser 
is responsible for hearing aid fitting and is the only hearing care professionals who sells 
hearing aids. 
Costs and quality of life input 
The following costs were included in the analysis: costs of consultations with the GP 
assistant, GP, ENT specialist, hearing aid dispenser, and employees of the Audiological 
Centre (clinical physicist/audiologist, audiology assistant, social worker, and speech 
therapist); costs of hearing aids and hearing aid batteries, maintenance, and repair; 
costs of the invitation letter for telephone and internet screening; telephone costs; 
web hosting costs for the internet test; costs of the disposable ear cups for the 
HearCheck Navigator; and annual depreciation and maintenance costs of the 
HearCheck Navigator and audiometer used for screening. Price indices were used to 
convert costs to a 2011 price level (Statistics Netherlands, 2011). 
Health-related quality of life was expressed as a utility score between 0 (death) and 1 
(perfect health). Data on utility scores in relation to hearing thresholds and hearing aid 
fitting, measured with the Health Utility Index Mark 3 questionnaire, was collected by 
our research group in 2004 (Grutters et al., 2007). We reanalysed this data to obtain 
age-dependent utility scores for each of the health states. Details of this analysis can 
be found in the appendix. 
Analyses 
We examined the expected costs and effects of current practice and the 76 screening 
strategies for adults without hearing aids using cohort simulation. Future costs were 
discounted at an annual rate of 4.0% and future effects were discounted with an 
annual rate of 1.5% following the Dutch guidelines (Hakkaart-van Roijen et al., 2010). 
To account for uncertainty in the model parameter estimates, we performed 
probabilistic sensitivity analysis using Monte Carlo simulation with 10000 iterations. 
For each iteration, parameter values were drawn at random from the distribution 
around the base case estimates. See Appendix Table A1 and A2 for the assigned 
distributions. 
We sorted the strategies from lowest to highest expected costs (based on the results 
of the probabilistic sensitivity analysis) and calculated the incremental costs and 
incremental QALYs of each strategy compared to current practice (no screening). 
Incremental cost-effectiveness ratios (ICERs) were calculated by dividing the incremen-
tal costs by the incremental QALYs. The sequence of strategies, from lowest costs to 
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highest, that gives the lowest ICER values forms the cost-effectiveness frontier 
(Drummond et al., 2005). In a cost-effectiveness plane with the incremental costs of all 
strategies plotted against their incremental QALYs, the cost-effectiveness frontier is 
the line that connects the strategies that dominate or extendedly dominate the other 
strategies. A strategy is dominated by another strategy if it is more costly and less 
effective. A strategy is extendedly dominated if it is more costly, or less effective and 
has a higher ICER than a more effective strategy. The optimal strategy is the strategy 
on the cost-effectiveness frontier that has the highest ICER below an externally set 
cost-effectiveness threshold or ceiling ratio (λ). In the Netherlands, λ for screening is 
set at € 20000 per QALY, which means that a screening strategy will be considered for 
nationwide implementation only if it costs less than € 20000 per QALY gained (Van den 
Berg et al., 2008). 
To graphically illustrate the uncertainty concerning the cost-effectiveness of the 
strategies, a cost-effectiveness acceptability frontier (CEAF) was constructed based on 
the results of the probabilistic sensitivity analysis (Fenwick et al., 2001). For construc-
tion of the CEAF, the net monetary benefit of the strategies was calculated for a range 
of λ values using the following formula: net monetary benefit = λ*QALY - costs. For 
every value of λ, the optimal strategy was identified (that is, the strategy with the 
highest mean net monetary benefit for each of the 10000 iterations). Next, the 
probability for the optimal strategy to be the most cost-effective strategy at a certain 
value of λ was calculated as the proportion of iterations in which the optimal strategy 
had the highest net monetary benefit. The CEAF shows the optimal strategies and their 
probability of cost-effectiveness for λ values between € 0 and € 20000 per QALY. 
One-way sensitivity analyses 
In the base case analysis, the probability of screen participation was 0.33 for telephone 
screening and 0.44 for internet screening (both estimates were derived from a study 
by Koopman and colleagues (2008)). We performed a one-way sensitivity analysis to 
determine whether the results would have been different if the probability of screen 
participation for internet screening had been 0.33 as well (one-way sensitivity analysis 
1). For screen-positive adults with moderate to severe hearing impairment, the 
probability of help-seeking after telephone and internet screening was 0.81 and 0.79, 
respectively, according to Koopman and colleagues (2008). Smits and colleagues 
(2006) reported a probability of 0.57. A second sensitivity analysis was performed to 
determine whether the results would have been different if Smits’ instead of 
Koopman’s estimates had been used (one-way sensitivity analysis 2). In the base case 
analysis we assumed that the probability that someone who sought help after 
telephone or internet screening continues help-seeking would be 25% higher (relative 
increase) than the probability of continued help-seeking in current practice. An 
increase is to be expected, but the size of this increase was an arbitrary choice. With a 
third sensitivity analysis we examined whether the results would have been different if 
the relative increase had been set at 10% instead of 25% (one-way sensitivity analysis 
3). A rescreen after five years is less effective in stimulating help-seeking than the first 
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screen (Van den Berg et al., 1999). In the base case analysis, we assumed that the 
effect of a rescreen after a 10-year interval would be similar to the effect of a rescreen 
after a 5-year interval and thus be lower than the effect of the first screen. However, 
given the large time interval, this assumption might not necessarily be true. We 
therefore reran the model with the effect of a rescreen after a 10-year interval being 
adapted to equal the effect of the first screen (one-way sensitivity analysis 4). 
Furthermore, we examined whether the results would have been different if the future 
costs and effects had not been discounted (one-way sensitivity analysis 5). In addition, 
we performed a threshold analysis to determine the maximum costs per screen at 
which the telephone and internet screening strategies would still be cost-effective 
compared to no screening. 
Results 
Base case results 
Table 1 presents the results of the probabilistic sensitivity analysis. The incremental 
costs of the screening strategies compared to no screening ranged from € 4 to € 59 
and the incremental QALYs ranged from 0.0003 to 0.0104. The ICERs of all the 
screening strategies compared to current practice were below € 20000 per QALY, 
indicating that screening is cost-effective as compared to no screening. The HearCheck 
and audiometric screening strategies were dominated by the telephone and internet 
screening strategies. The telephone screening strategies were either dominated or 
extendedly dominated by the internet screening strategies. Only internet screening 
strategies were on the cost-effectiveness frontier (Figure 2). With an ICER of € 3699 
per QALY, internet screening at age 50, repeated at ages 55, 60, 65, and 70 was the 
most cost-effective strategy at a ceiling ratio of € 20000 per QALY. 
Figure 3 shows the CEAF. At λ values of € 3000 per QALY or lower, current practice was 
the optimal strategy. At λ values between € 3000 and € 4500 per QALY, the strategies 
that result in the highest mean net monetary benefit had a probability of being the 
most cost-effective between 7% and 12%. At λ values between € 4500 and € 20000 per 
QALY, internet screening at age 50, repeated at ages 55, 60, 65, and 70 was the 
optimal strategy. At a threshold of € 20000 per QALY this strategy was with 100% 
certainty cost-effective compared to current practice and with 69% certainty the most 
cost-effective among all strategies. 
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86 Chapter 6 
 
Figure 2. Cost-effectiveness plane 
The incremental costs and QALYs of telephone screening (stars), internet screening (circles), HearCheck 
screening (triangles), and audiometric screening (squares) compared to no screening are presented. The 
line represents the cost-effectiveness frontier. The figure is based on the results of the probabilistic 
sensitivity analysis. 
 
 
 
 
 Figure 3. Cost-effectiveness acceptability frontier 
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One-way sensitivity analyses 
Lowering the probability of screen participation for internet screening from 0.33 to 
0.44 decreased the incremental costs and QALYs of internet screening as compared to 
no screening. The QALY gain by internet screening at age 50 with repetition at ages 55, 
60, 65, and 70 became lower than the QALY gain by the audiometric screening at age 
50 with repetition at ages 55, 60, 65, and 70 but the difference was only 0.0001 QALY, 
while the incremental costs of the audiometric screening strategy were twice as high 
as the incremental costs of the internet screening strategy (see Appendix Table A3). 
Besides, the CEAF showed that internet screening had still the highest probability to be 
cost-effective for all λ values between € 0 and € 20000 per QALY (see Appendix Figure 
A2). The results of sensitivity analysis 2 to 4 were similar to the results of the base case 
analysis (see Appendix Table A4 to A6 and Figure A3 to A5). Without discounting future 
costs and effects, the cost-effectiveness frontier was still formed by internet screening 
strategies only but strategies starting at age 50 outperformed strategies that started 
later. Internet screening at age 50, repeated at ages 55, 60, 65, and 70 was still the 
optimal strategy (see Appendix Table A7 and Figure A6).         
In the base case, the costs of the telephone screening were set at € 1.23 per screen 
(3.5 minutes at € 0.35/minute). Threshold analysis on the screen costs showed that all 
telephone scenarios would still be cost-effective compared to no screening when the 
costs would have been € 83.74 per screen. At € 271.66 per screen, none of the 
telephone screening scenarios were cost-effective compared to no screening. In the 
base case, the annual costs of the internet screening were set at € 144.47 
(webhosting). Depending on the size of the target population and the participation 
rate, the costs per screen were between € 0.0013 (for screening offered to people 
aged 50) and € 0.0026 (for screening offered to adults aged 70). Threshold analysis 
showed that, if the costs per screen would have been € 92.73, all internet screening 
scenarios would still be cost-effective compared to no screening. At € 320.49 per 
screen, none of the internet screening scenarios were cost-effective compared to no 
screening. 
Conclusions 
Adult hearing screening was cost-effective compared to current practice (no screen-
ing). The internet screening strategies were the most cost-effective, closely followed 
by the telephone screening strategies. Internet screening probably outperformed 
telephone screening because of its lower test costs and higher test sensitivity and 
screen participation rate. Internet and telephone screening probably outperformed 
HearCheck and audiometric screening because of their lower test costs and accessibil-
ity for people who do not annually visit the GP. Internet access hardly forms a barrier 
for internet screening nowadays in the Netherlands as 98% of adults aged between 45 
and 55 years, 94% of adults aged between 55 and 65 years, and 85% of adults aged 
between 65 and 75 years have access to internet at their home (Statistics Netherlands, 
2013). 
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Morris and colleagues (2013) reported an ICER of £ 1461 (€ 1680) per QALY for an 
audiometric screening at age 60, repeated at ages 65 and 70, compared to current 
practice in the United Kingdom. In our study, the ICER of this strategy was € 5736 per 
QALY (dominated by internet screening at age 50, 55, 60, 65, and 70). The difference in 
the ICER might be caused by differences in model input estimates. For example, the 
costs of a hearing aid trail and a hearing aid are much higher in the Netherlands than in 
the United Kingdom, and the probability of hearing aid uptake might be lower because 
Dutch patients have to pay a substantial amount of money for a hearing aid (on aver-
age € 600 in 2011), while most patients in the United Kingdom receive hearing aids for 
free. Differences in model structure probably contribute to the discrepancy between 
the ICERs as well. We modelled screening programmes for the detection of a best-ear 
pure-tone average hearing loss (at 0.5, 1, 2, and 4 kHz) of 25 dB or more, while Morris’ 
screening programme aimed to detect a hearing loss of 30 dB or more. And unlike 
Morris and colleagues (2013), we included the costs of care given to people who 
consult a hearing care professional or even start a hearing aid trial but do not take up 
hearing aids. Our study showed that in a more expensive hearing care system audio-
metric screening is cost-effective compared to no screening. However, internet 
screening is the most cost-effective approach. 
Liu and colleagues (2011) reported that adult hearing screening using a hand-held 
screening device is cost-effective. They based their conclusion on a randomised con-
trolled trial that showed that screening led to a significant increase in hearing aid use 1 
year later (2.8%). The incremental costs of screening per additional hearing aid user 
were US $ 1439 (€ 1040). However, it cannot be concluded from this trial whether 
screening is indeed cost-effective since it is unknown how much society is willing to 
pay for one additional hearing aid user. So far, it has only been assessed how much 
society is willing to pay for QALYs gained. Other limitations of this trial are the short 
follow-up period and the fact that it included particularly male veterans, a study 
sample that may not be representative for the total adult population. By using a 
Markov model we were able to calculate the lifetime costs and effects of screening for 
a general population cohort. And because we measured the effectiveness in terms of 
QALYs gained, we could draw conclusions with regard to the cost-effectiveness of a 
large number of screening strategies. 
Our study has several limitations. Bias may be introduced by the fact that the model 
parameter estimates were derived from several sources, none of which was a 
randomised controlled trial. However, the probabilities of screen participation for 
telephone screening, internet screening, and screening at the GP, and some of the 
probabilities of help-seeking after screening were all derived from one study 
(Koopman et al., 2008). The assumptions we had to make about some of the 
parameter estimates due to a lack of evidence may have biased the results as well. 
However, with probabilistic sensitivity analysis we accounted for the uncertainty in the 
estimates by assigning wide distributions to the model parameters and one-way 
sensitivity analyses showed that the results were insensitive to the assumptions we 
were most uncertain about. A second limitation is that the costs of management, 
quality control, and monitoring of the screening strategies were not taken into 
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account. Since these costs will be similar for all screening strategies, inclusion of these 
costs would not have changed the strategy ranking. However, inclusion of these costs 
would have resulted in higher ICERs of the screening strategies compared to no 
screening. Post-hoc threshold analysis on strategy costs revealed that the strategy with 
internet screening at age 50, 55, 60, 65, and 70 would still be cost-effective if the 
incremental costs of the strategy (compared to no screening) would increase from € 38 
to € 208. Based on this, it seems plausible that also when the costs of management, 
quality control and monitoring are taken into account, the screening strategy will be 
cost-effective. A third limitation of the study is that the model disregarded 
rehabilitation options other than conventional hearing aids, like communication 
training or assistive listening devices. In most previous studies on adult hearing 
screening, rehabilitation was limited to hearing aid fitting (Pronk et al., 2011). 
Consequently, data on the effect of screening on uptake of other rehabilitation options 
was insufficient to incorporate in the model, as was data on quality of life gain by other 
rehabilitation options. Future research to address this topic is recommended. 
The utility estimates used in the model were based on the Health Utility Index Mark 3 
questionnaire. This is the recommended instrument for measuring utility scores to 
assess health-related quality of life in hearing impairment because of its good validity 
and responsiveness (Yang et al., 2013). Other multi-attribute utility instruments, like 
the HUI2, EQ-5D, and SF-6D, are less sensitive to changes in utility scores after hearing 
aid fitting or even unable to measure a change at all (Barton et al., 2004; Grutters et 
al., 2007; Joore et al., 2003b). If another multi-attribute utility instrument had been 
used, adult hearing screening may not have been cost-effective. Although we used the 
most sensitive utility instrument, the screening strategies led to only little gain in 
quality of life (0.0003 to 0.0104 QALYs). QALY gains from population screening 
programmes generally tend to be quite modest (Kim et al., 2007; Maeda et al., 2004), 
probably because the effect of treatment is diluted by the large number of healthy 
people in the target population for whom no quality of life gain can be achieved. 
To what extent our results can be generalized and transferred to other countries 
depends on international similarities and differences with regard to health care system 
and culture. For example, hearing aid uptake after screening may be higher in coun-
tries were hearing aids are provided free-of-charge, like in the United Kingdom or 
Denmark. And in countries were patients’ financial contribution to hearing aids is 
higher than in the Netherlands, for example in Belgium, screening will probably be less 
cost-effective because the high hearing aid costs may withhold screen participants 
from taking up hearing aids. Also the likelihood to participate in hearing screening 
differs between countries. Koopman and colleagues (2008) found that, compared to 
Dutch adults, British and German adults were much more likely to do a telephone test 
(50% and 76% versus 33%) or internet test (65% and 73% versus 44%). And while 
Dutch and British adults were found to be equally likely to opt for additional hearing 
testing after a positive screen (approximately 80%), the Germans were much more 
likely to do so (approximately 95%) (Koopman et al., 2008). Furthermore, the effec-
tiveness of internet screening will depend on the proportion adults in the target 
population who have internet access at home. The Netherlands are leading in Europe 
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with 95% of the households having internet access, followed by Luxembourg (94%), 
Denmark, and Sweden (both 93%). Internet access in Europe is lowest in Bulgaria 
(54%), Greece (56%), and Romania (58%) (Eurostat, 2013). 
In conclusion, this study suggests that nationwide adult hearing screening programmes 
are (in comparison with no screening) cost-effective interventions to increase the 
quality of life of adults with hearing loss, with internet screening at age 50, repeated at 
ages 55, 60, 65, and 70 being the optimal strategy. Since at a threshold of € 20000 per 
QALY this strategy was with 100% certainty cost-effective compared to current 
practice and with 69% certainty the most cost-effective among all strategies, policy-
makers might consider nationwide implementation. Telephone screening is a good 
alternative for people without internet access. 
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Appendix 
This appendix gives an elaborate description of our considerations, calculations, and 
assumptions with regard to the model parameter estimates. Table A1 lists the model 
parameters used to calculate the cost and effects of hearing care in current practice, 
including the base case parameter estimates, distributions, and references to data 
sources. Table A2 lists the additional model input for the screening specific parame-
ters. Table A3 to A7 and Figure A2 to A6 present the results of the one-way sensitivity 
analyses. References are listed at the end of this document. 
Hearing acuity 
We retrieved population-based data on the prevalence and incidence of audio-
metrically assessed mild and moderate to severe hearing impairment in men and 
women from the Australian Blue Mountains Hearing Study to calculate the overall 
prevalence and 1-year incidence, taking into account the gender distribution in the 
Dutch population (Mitchell et al., 2011; Statistics Netherlands, 2011). We combined 
these prevalence estimates with information on hearing aid ownership, collected by 
our research group in 1998 (Duijvestijn et al., 2003), to obtain prevalence estimates of 
hearing impairment for adults without hearing aids specifically. The incidence of 
hearing impairment for people aged between 50 and 54 years was assumed to be half 
as high as for people aged between 55 and 59 years. 
Current practice 
In the Netherlands, 64% of the adults who seek help for their hearing complaints 
initially turn to the GP while the others initially visit the hearing aid dispenser 
(Groenland, 2011). The next step in the help-seeking process depends on the prefer-
ence of the help-seeker and the professional judgement of the GP or hearing aid 
dispenser with regard to the need for involvement of the ENT specialist. Some people 
do not continue help-seeking, others start a hearing aid trial immediately or consult 
the ENT specialist (Figure A1). The ENT specialist clinically examines the ear, removes 
ear wax, diagnoses ear pathology, performs hearing tests (pure-tone audiometry), 
informs the help-seeker about rehabilitation options, and prescribes hearing aids to 
those who are willing to try them. Furthermore, the ENT specialist refers help-seekers 
to the Audiological Centre in case of a need for additional counselling, problems in 
accepting hearing impairment, limited willingness to use hearing aids, severe hearing 
loss (pure-tone average at 1, 2, and 4 kHz of 70 dB or more in the best ear), poor 
speech discrimination (less than 70% for monosyllables), and the presence of addi-
tional sensory or mental disability. These referral criteria are set out in the Dutch 
guidelines for hearing care professionals (Nationaal Overleg Audiologische 
Hulpmiddelen, 2009). 
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At the Audiological Centre, clinical physicists with a post academic degree in audiologi-
cal and psychosocial rehabilitation cooperate with speech therapists, social workers, 
and psychologists to provide help-seekers with the best possible care for their hearing 
and hearing-related problems. During the first visit to the Audiological Centre, all help-
seekers have a consultation with the clinical physicist and a consultation with the 
audiology assistant for pure-tone audiometry, speech audiometry, hearing aid advice 
(if interested in starting a hearing aid trial), and hearing aid adjustment (if a hearing aid 
trial was started already). Of all the adults who visit the Audiological Centre, approxi-
mately 2% consult the speech therapist for hearing training and 2% consult the social 
worker (expert opinion). 
The hearing aid dispenser is responsible for hearing aid fitting and is the only hearing 
care professional who sells hearing aids. People who start a hearing aid trial after 
having visited the Audiological Centre always have a follow-up visit at the Audiological 
Centre at the end of the trial period. People who start a trial on the advice of the ENT 
specialist have a follow-up visit at the ENT specialist if the trial resulted in hearing aid 
uptake (successful trial). In case of an unsuccessful trial, thus a trial that did not result 
in hearing aid uptake, a follow-up visit at the ENT specialist is not necessary. A hearing 
aid trial lasts on average 6 to 8 weeks. For trials that last longer than 3 months, the 
hearing aid dispenser refers the patient to the Audiological Centre. Help-seekers who 
visit the Audiological Centre, either before having started a hearing aid trial or for 
 
Figure A1. Possible paths in continued help-seeking  
The dark grey rhombi represent contacts with health care professionals and the light grey 
rectangles represent hearing aid uptake. AC, Audiological Centre; ENT, Ear Nose Throat; GP, 
general practitioner; HA, hearing aid. 
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assistance during a difficult trial, have on average 1.22 follow-up visits (Duijvestijn et 
al., 2011). These follow-up visits include a consultation with the audiology assistant for 
hearing aid adjustment and a consultation with the clinical physicist. 
For the model, we used data on the probability to seek help and the probability to 
continue help-seeking collected by our research group in 1998 (Duijvestijn et al., 2003). 
Data on probabilities related to the outcome of the help-seeking process, the pathway 
followed (arrow 2 through 13 in Figure A1), and the hearing care professionals 
involved were collected by our research group in 2002 (Duijvestijn et al., 2011). We 
reanalysed these two datasets to obtain estimates of probabilities related to 
(continued) help-seeking, hearing aid purchase and resource use in current practice for 
each of the health states separately. The probability for hearing aid replacement in the 
fifth, sixth, and seventh year after purchase were retrieved from Dreschler and 
colleagues (2009). We assumed that everyone who had not replaced a hearing aid in 
the fifth, sixth, or seventh year after purchase would do so in the eighth year. 
Furthermore, we assumed that people who seek help for hearing aid replacement 
would not drop out of the help-seeking process and would all end up with new hearing 
aids. The hearing aid discard probability is 6% (Van den Brink et al., 1996). 
Screening strategies 
We derived probability estimates for screen participation from a study on intentional 
behaviour (Koopman et al., 2008). For the HearCheck and audiometric screening 
strategies at the GP practice, the annual probability to consult the GP was included in 
the model to account for the fact that not all members of the target population visit 
the GP annually (Statistics Netherlands, 2011). Information on the validity of the 
telephone and internet version of the National Hearing Test was retrieved from the 
papers by Smits and colleagues (2004) and Leensen and colleagues (2011), respec-
tively. To obtain data on the validity of the Siemens HearCheck Navigator, we screened 
the hearing of 166 adults (332 ears) who visited the Audiological Centre of the 
Maastricht University Medical Centre for audiometry in February and March 2013.   
Only three Dutch studies have addressed help-seeking behaviour after adult hearing 
screening (Koopman et al., 2008; Smits et al., 2006; Van den Berg et al., 1999). Smits 
and colleagues (2006) studied help-seeking after telephone screening. The telephone 
test informed people that their hearing was either poor, insufficient, or good. Fourteen 
percent of the people who scored good, 46% of the people who scored insufficient, 
and 57% of the people who scored poor sought help. Koopman and colleagues (2008) 
also studied help-seeking after screening and found that respectively 81% and 79% of 
the people who screen positive on the telephone and internet test would seek help. In 
the base case analysis, we used Koopman’s estimates for the probability that people 
with a moderate to severe hearing impairment seek help when screened positive on 
the telephone or internet test because these estimates seem more realistic than Smits’ 
estimates compared to the help-seeking probability in current practice. We performed 
a sensitivity analysis to determine whether the results would have been different if 
Smits’ instead of Koopman’s estimates had been used (one-way sensitivity analysis 2). 
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For the probability that people with normal hearing or with a unilateral or mild hearing 
impairment seek help when screened positive on the telephone or internet test, we 
used the estimate of Smits and colleagues (2006) for people who scored insufficient, 
assuming that the people with a moderate to severe hearing impairment would have 
scored poor and that help-seeking after internet screening would be comparable to 
help-seeking after telephone screening. 
The studies of Smits and colleagues (2006) and Koopman and colleagues (2008) did not 
report on the probability that people who sought help after screening continue help-
seeking by starting a hearing aid trial or consulting an ENT specialist. We assumed a 
relative increase of 25% in the probability that a help-seeker continues help-seeking 
for the telephone and internet screening strategies compared to current practice 
because screen participants have objective proof of hearing impairment and Dutch GPs 
are more likely to refer someone with objectively assessed hearing impairment to a 
hearing care professional than someone with subjective hearing complaints alone 
(Eekhof et al., 2000). An increase is to be expected, but the size of this increase was an 
arbitrary choice. With a sensitivity analysis we examined whether the results would 
have been different if the relative increase had been set at 10% instead of 25% (one-
way sensitivity analysis 3). For the HearCheck and audiometric screening strategies at 
the GP practice, the probability that the screen participants discuss their hearing with 
the GP (i.e. the probability of help-seeking) was set at 100% because the GP initiates 
the discussion. The probability that they continue help-seeking would probably be 
lower than in current practice because they had actually visited the GP for health 
complaints other than their hearing. We assumed that their probability to continue 
help-seeking would equal the probability that someone in current practice starts 
seeking help.  
The third study on help-seeking after screening, a study by Van den Berg and 
colleagues (1999), was not used as data source for probabilities of (continued) help-
seeking because the type of screening was too different from our four screening types. 
However, this study provided useful information on the relative effectiveness of 
rescreening 5 years after an initial screening. They found that after a first screen 24.3% 
of the screen participants had sought help and 21.5% had continued help-seeking. 
After a rescreen 5 years later, only 16.8% of the participants had sought help and 
13.9% had continued help-seeking. Thus the probability to seek help had decreased 
with a factor 0.31 and the probability to continue help-seeking had decreased with a 
factor 0.35. For the telephone and internet screening strategies, we calculated the 
probability of help-seeking after a rescreen by multiplying the difference between the 
probability after the first screen and the probability in current practice with a factor 
0.31 and subtracting this from the probability after the first screen. For the HearCheck 
and audiometric screening strategies, we kept the probability of help-seeking after a 
rescreen equal to the probability after the first screen (1.00) because the GP initiates 
the discussion, but we reduced the probability of continued help-seeking with a factor 
0.35. We assumed that probabilities of (continued) help-seeking in repeated screening 
strategies with 10-year intervals would be similar to those in repeated screening 
strategies with 5-year intervals. However, given the large time interval, this 
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assumption might not necessarily be true. We therefor reran the model with the effect 
of a rescreen after a 10-year interval being adapted to equal the effect of the first 
screen (one-way sensitivity analysis 4). 
Health-related quality of life 
The outcome measure in the model is the quality-adjusted life year (QALY) which is a 
combined measure of health-related quality of life and duration of life. Health-related 
quality of life is expressed as a utility score between 0 (death) and 1 (perfect health). 
QALYs were calculated by multiplying the time spend in each health state with the 
utility score attached to this health state in each cycle and summing up over all cycles. 
We used data on utility scores in relation to hearing thresholds and hearing aid fitting, 
measured with the Health Utility Index Mark 3 questionnaire, that was collected by our 
research group in 2004 (Grutters et al., 2007). For the Health Utility Index Mark 3 
questionnaire no age-dependent norm utility values are available. To obtain age 
dependent utility scores for people with normal hearing (not present in the dataset), 
we set the score on the hearing item of the Health Utility Index on 1.00 (no hearing 
difficulties) for all people in the dataset (N=211) and recalculated the overall utility 
scores. Then, the original and modified dataset were merged. We reanalysed this new 
dataset using ordinary least square linear regression to obtain a regression formula 
that expresses the relationship between utility scores and age for people without 
hearing aids with normal hearing, unilateral hearing impairment, mild hearing 
impairment, and moderate to severe hearing impairment separately. The model 
explained 16% of the variance in the utility scores. The regression coefficients with 
their standard errors are given in Appendix Table A1. Cholesky decomposition was 
used for the distribution around the utility scores. To prevent that people with 
moderate to severe hearing impairment would have higher utility scores than people 
with mild hearing impairment in the probabilistic sensitivity analysis, the model was 
programmed in such a way that, if this was the case, the estimate for moderate to 
severe hearing impairment was set equal to the utility score estimate for people with 
mild hearing impairment. 
Covariance matrix (used for Cholesky decomposition) 
 Age DumUnilateralHI DumMildHI DumModSevHI 
Age 1.375*10-6    
DumUnilateralHI 8.153*10-6 2.079*10-3   
DumMildHI -8.031*10-7 1.980*10-4 6.270*10-4  
DumModSevHI -7.235*10-6 1.600*10-4 2.070*10-4 9.550*10-4 
 
The dataset also contained information on the change in health-related quality of life 
after hearing aid fitting. The average change was calculated for people with mild and 
moderate to severe hearing impairment separately. The number of people with 
unilateral hearing impairment in this dataset was too small to calculate the effect of 
hearing aid fitting on quality of life for this group. We assumed that the effect of 
hearing aid fitting on quality of life for people with unilateral hearing impairment 
would be equal to the effect on quality of life for people with mild hearing impairment 
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since the utility scores of people without hearing aids with unilateral and mild hearing 
impairment were also equal. Furthermore, we assumed that the effect of hearing aid 
fitting on an individual’s quality of life after screening would be equal to that in current 
practice. 
Costs 
The letter used to invite people to do the telephone or internet test costs € 0.48 
(market price). The telephone test costs € 0.35/minute and takes on average 3.5 
minutes (Smits & Houtgast, 2005). Web hosting costs € 144.47 per year (market price). 
We calculated the costs of the internet screening per participant by dividing the annual 
web hosting costs by the expected number of screen participants nationwide. Dispos-
able ear cups for the HearCheck Navigator cost € 0.25 each (market price; one ear cup 
needed per participant). The market price of the HearCheck Navigator is € 165. We set 
the price of the audiometer at € 1908 (market price of the Audiometrics AS608e 
screening audiometer). The annual costs of the HearCheck Navigator and audiometer 
amount to 18% of their new price: 10% depreciation and 8% maintenance (Hakkaart-
van Roijen et al., 2010). The costs of the HearCheck Navigator and audiometer per 
participant were calculated by dividing the annual depreciation and maintenance costs 
by the expected number of screen participants per GP practice. 
The costs of a consultation with the GP, ENT specialist, social worker, and speech 
therapist were based on the Dutch manual for cost research (Hakkaart-van Roijen et 
al., 2010). We calculated the costs of the clinical physicist, audiology assistant, and GP 
assistant by multiplying the mean duration of their activities by their average labour 
costs and added a surcharge of 42% to account for costs of standard instruments, 
materials, housing, and overhead, as recommended in the Dutch manual for cost 
research (Hakkaart-van Roijen et al., 2010). 
Based on the annual report from the Dutch association of hearing aid dispensers 
(Nederlandse Vereniging van Audicien Bedrijven, 2011b), we estimated the hourly 
costs of the hearing aid dispenser to be € 87.50 (including the costs of standard 
instruments, materials, housing, and overhead). According to this report, a hearing aid 
dispenser spends on average 6 to 8 hours to a hearing aid applicant and the costs of 
care delivered by the hearing aid dispenser and hearing aids combined amount to € 
1017. We assumed that the initial assessment lasts 30 minutes and that a monaural 
and binaural hearing aid trial (including aftercare) last 5.5 and 7.5 hours, respectively. 
The annual aftercare costs per hearing aid are € 13 and the average hearing aid 
replacement time is 5.62 years (Dreschler et al., 2009). Approximately 80% of the 
hearing aid owners have hearing aids for both ears (Boer&Croon, 2010; Van Thiel, 
2010). We combined this information to calculate the costs of the initial assessment at 
the hearing aid dispenser, the trial costs, and the hearing aid costs. The annual costs of 
hearing aid use (including the costs of batteries, maintenance, and aftercare) and the 
annual probability of hearing aid repair were based on the report of Dreschler and 
colleagues (2009). The average costs of hearing aid repair were derived from an online 
database of the Health Care Insurance Board (2011).  
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Figure A2. Cost-effectiveness acceptability frontier: results of one-way sensitivity analysis 1 
 
 
 
 
Figure A3. Cost-effectiveness acceptability frontier: results of one-way sensitivity analysis 2 
 
 
 
 
Figure A4. Cost-effectiveness acceptability frontier: results of one-way sensitivity analysis 3 
 
0.0
0.2
0.4
0.6
0.8
1.0
0 5000 10000 15000 20000
P
ro
b
ab
ili
ty
 c
o
st
-e
ff
ec
ti
ve
 
Cost-effectiveness threshold (€/QALY) 
e d 
c b 
a 
f 
No screening 
Internet (70) 
Internet (65, 70) 
Internet (60, 65, 70) 
Internet (55, 60, 65, 70) 
Internet (50, 55, 60, 65, 70)   
a. 
b. 
c. 
d. 
e. 
f.   
0.0
0.2
0.4
0.6
0.8
1.0
0 5000 10000 15000 20000
P
ro
b
ab
ili
ty
 c
o
st
-e
ff
ec
ti
ve
 
Cost-effectiveness threshold (€/QALY) 
e d 
c b 
a 
f 
No screening 
Internet (70) 
Internet (65, 70) 
Internet (60, 65, 70) 
Internet (55, 60, 65, 70) 
Internet (50, 55, 60, 65, 70)   
a. 
b. 
c. 
d. 
e. 
f.   
0.0
0.2
0.4
0.6
0.8
1.0
0 5000 10000 15000 20000
P
ro
b
ab
ili
ty
 c
o
st
-e
ff
ec
ti
ve
 
Cost-effectiveness threshold (€/QALY) 
e d 
c b 
a 
f 
No screening 
Internet (70) 
Internet (65, 70) 
Internet (60, 65, 70) 
Internet (55, 60, 65, 70) 
Internet (50, 55, 60, 65, 70)   
a. 
b. 
c. 
d. 
e. 
f.   
 
Cost-effectiveness model 115 
 
 
Figure A5. Cost-effectiveness acceptability frontier: results of one-way sensitivity analysis 4 
 
 
 
 
Figure A6. Cost-effectiveness acceptability frontier: results of one-way sensitivity analysis 5 
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The objective of this thesis was to gain more insight into how to design an adult hear-
ing screening programme for nationwide implementation in the Netherlands. In this 
chapter, the main findings with regard to the research questions are summarised, 
followed by a discussion about methodological issues. The chapter ends with a state-
ment of our conclusions and recommendations. 
Main findings and implications 
Minimising harms of screening 
Interviews with seven adults who screened positive for hearing impairment but who 
never or only occasionally had hearing complaints revealed that screening causes no or 
little harm (Chapter 2). The only indicator of harm in this study was that some partici-
pants felt indignant about the screen outcome because they felt they were being 
unfairly labelled as hearing-impaired. Expression of indignation was related to the 
people’s beliefs with regard to the validity of the screening test. The screen outcome 
caused feelings of indignation only in people who judged the test validity negatively; 
people with a positive judgment on the test validity were more likely to accept the 
screen outcome. This suggests that, to minimise the harms and maximise the effec-
tiveness of screening, effort should be put in convincing screen participants that the 
test is valid. The study showed that one may deal with screen participants’ concerns on 
the test validity by giving a clear explanation of how the test works, by offering the 
screening in a silent environment without distracting factors, or by offering immediate 
rescreening (using either the same or another screening test).  
The screening also evoked surprise, disbelief, incomprehension, disappointment, 
concern, emotional pain, and sadness. These emotions were similar to the emotions 
reported by people diagnosed with a hearing impairment based on standard clinical 
diagnostic tests (Martin et al., 1989). Studies have shown that these emotions are part 
of the natural response to an increasing awareness of hearing loss (Engelund, 2006; 
Hindhede, 2012; Wallhagen, 2010; Weinberger, 1980). They might therefore be viewed 
as triggered but not caused by the screening. The fact that screening evoked such 
emotions supports the notion that screening can incite or accelerate the hearing loss 
recognition process and indirectly motivate people to seek help earlier. The feelings of 
emotional pain and sadness probably reflect harm resulting from an increasing aware-
ness of hearing loss, not from the screening itself. Even without the screening, part of 
the participants would probably have experienced these emotions at a certain point 
during the hearing loss recognition process. The screening made it happen earlier and 
probably more abruptly. 
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Preventing non-use of dispensed hearing aids 
Impact of non-use of dispensed hearing aids 
When analysing interviews with adults who owned but did not use hearing aids 
(Chapter 3), three types of non-users were distinguished: non-users with no or mild 
hearing handicap (‘Type A non-users’), non-users with moderate to severe hearing 
handicap who attributed the non-use to internal factors (‘Type B non-users’), and non-
users with moderate to severe hearing handicap who attributed the non-use to 
external factors (‘Type C non-users’). Type A non-users were indifferent about the non-
use; Type B non-users expressed feelings of self-annoyance, self-disappointment, and 
self-blame; and Type C non-users expressed feelings of frustration, indignation, 
sadness, anger, powerlessness, and hopelessness. Disapproval of the non-use by 
significant others led to feelings of shame and guilt, but only for Type B non-users. The 
study showed that non-use of dispensed hearing aids can cause (emotional) harm, 
which underscores the importance of non-use prevention. 
The impact of non-use of dispensed hearing aids on the effectiveness of adult hearing 
screening can be analysed with the state transition model described in Chapter 6. The 
annual probability of hearing aid discard was initially set at 0.06, based on a study by 
Van den Brink and colleagues (1996). The best screening strategy (i.e. internet screen-
ing at age 50, 55, 60, 65, and 70) led on average to 0.0104 more quality-adjusted life 
years (QALYs) per person than no screening. If the hearing aid discard probability had 
been set at 0.00, the screening strategy would have led to 0.0159 more QALYs per 
person than no screening (post-hoc analysis, not shown before). Thus, non-use of 
dispensed hearing aids reduces the effectiveness of adult hearing screening with 
approximately 35%.  
Prevention strategies 
The interview study presented in Chapter 3 gave two directions for prevention of non-
use of dispensed hearing aids. Firstly, non-use may partly be prevented by more 
careful consideration whether hearing aid fitting will be effective in an individual. 
Although hearing aid fitting is the conventional and generally most effective rehabilita-
tion option for hearing loss, some people may benefit more from alternatives, like 
communication training, assistive listening devices or doing nothing. Hearing care 
professionals should inform hearing help-seekers about all available rehabilitation 
options and decide together about the best option. In particular, the perceived sever-
ity of the hearing handicap, not the audiograms, should guide this shared decision 
making process. For adults who perceive no or only mild hearing handicap, doing 
nothing is probably the best option. Furthermore, uncontrollable (external) factors 
that may limit hearing aid benefit should be identified before or during a hearing aid 
trial and should be considered as contraindications for hearing aid purchase. For 
example, if someone primarily wants to improve his or her ability to understand 
speech in a noisy working environment, the person may benefit more from training in 
speech reading than from hearing aids.  
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A second important strategy to prevent non-use of dispensed hearing aids is by offer-
ing comprehensive counselling and training during the hearing aid trial. Boas and 
colleagues (2001) found that a counselling programme was a cost-effective strategy to 
decrease non-use among new hearing aid owners. Our study identified two topics that 
should definitely be addressed in a counselling programme. First, the programme 
should address the limitations of hearing aids. People should be assisted to understand 
and accept the hearing aids’ limitations. Secondly, the counselling programme should 
address hearing aid self-efficacy: people should become confident that they are able to 
become successful hearing aid users. Someone’s hearing aid self-efficacy can be 
measured at the time of hearing aid fitting, using the MARS-HA (measure of audiologic 
rehabilitation self-efficacy for hearing aids) questionnaire developed by West and 
Smith (2007). Knowing someone’s level of hearing aid self-efficacy can assist the 
hearing care professional in determining whether or not the person needs intensive 
counselling or self-efficacy training during the hearing aid trial in order to become a 
successful hearing aid user. By building hearing aid self-efficacy, adults will be more 
motivated to adjust to hearing aids, persevere when hearing aid difficulties arise, and 
apply more effort toward successful hearing aid use. Smith and West (2006) and 
Meyer and colleagues (2014) described a number of strategies for enhancing hearing 
aid self-efficacy, including role play and motivational coaching by hearing care profes-
sionals or significant others. People who are still dissatisfied with a hearing aid at the 
end of the trial should be not be encouraged to purchase the hearing aid.  
Target population 
Residents of care homes for the elderly 
Chapter 4 describes the effects and costs of a hearing screening and rehabilitation 
programme that was organised in eight residential care homes for the elderly in the 
Netherlands. We hypothesised that easy accessibility of hearing care professionals 
would be a great facilitator for help-seeking and hearing aid uptake. Of the 522 
residents without hearing aids at the start of the programme, 29 (6%) owned hearing 
aids at the end. The programme costs per new hearing aid owner were € 2552. 
Considering that the costs of successful hearing aid trials and hearing aids together 
accounted for 64% of the programme costs, the costs per new hearing aid owner seem 
reasonable. However, when deciding on implementation of the programme, one 
should keep in mind that the residents’ time to benefit from hearing aids is limited 
because their expected survival is only two years (ActiZ, 2010). Besides, hearing aid 
ownership does not necessarily mean that the hearing aid is used and that it reduces 
the hearing handicap and improves the residents’ quality of life. We were unable to 
measure these outcomes but from a study by Gussekloo and colleagues (2003) to the 
effectiveness of a screening and rehabilitation programme targeted at 85-year-old 
adults we know that only 40% of the new hearing aid owners were using the hearing 
aid on regular basis one year after the programme. 
Hearing aid ownership increased only from 28% at the start of the programme to 33% 
at the end. The low hearing aid uptake during the programme indicates that most of 
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the oldest elderly without hearing aids do not choose for hearing rehabilitation by 
hearing aid fitting, not even when possible mobility barriers are eliminated. Gussekloo 
and colleagues (2003), who came to a similar conclusion, reported that the major 
reason for not starting rehabilitation was that most elderly were at the same time 
concerned with trying to improve other aspects of their functioning which they 
perceived as more problematic than their hearing loss. This is probably also the reason 
for the low programme effectiveness in our study since care homes typically house 
frail elderly suffering from multiple comorbidities (ActiZ, 2010). Given the limited 
increase in hearing aid ownership and the high probability of hearing aid discard, we 
recommend against implementation of a screening and rehabilitation programme in 
residential care homes for the elderly.   
Approximately one-fifth of the residents who already owned hearing aids were inter-
ested in consulting a hearing care professional and two-thirds of them had their 
hearing aids adjusted or had purchased one or two new hearing aids during the 
programme. These numbers reflect a high level of unmet need for aftercare. 
Apparently, many of the hearing aid owning residents were not fully satisfied with 
their hearing aids but had not taken the initiative to return to their hearing aid 
dispenser. Future research to strategies to address the unmet need for aftercare is 
recommended.  
Targets for high-risk group screening and optimal target age 
Chapter 5 reports on an observational study to predictors of hearing acuity aimed to 
identify potential targets for high-risk group screening. Predictors included in this 
study were age, gender, type of occupation, educational level, cardiovascular disease, 
diabetes, systemic inflammatory disease, hypertension, obesity, waist circumference, 
smoking, and physical activity level. Cross-sectional as well as longitudinal regression 
analyses were performed. In the age-stratified regression models, only 11% to 21% of 
the interindividual variance in hearing thresholds was explained by the non-audio-
metric predictors, which suggests that interindividual differences in hearing thresholds 
are primarily attributed to genetic variation. This notion is supported by the fact that 
the hearing deterioration rate showed a strong positive correlation with the baseline 
hearing thresholds and by two recent twin studies (Viljanen et al., 2007; Wingfield et 
al., 2007). Given the large role of genetics in the development and progression of 
hearing loss, it may be interesting to target screening at people who have a family 
history of hearing loss. We were not able to include information on family history in 
the models to assess whether people with hearing-impaired (first-degree) family 
members would form a suitable target for screening indeed. However, McMahon and 
colleagues (2008) found that people whose parents and/or siblings had a hearing loss 
were more likely to have a hearing loss themselves than people whose parents and 
siblings had a normal hearing. A difficulty with targeting a screening programme at 
people with a family history of hearing loss is that it is generally unknown who belongs 
to the target population. Family history of hearing loss is not reported in national or 
municipal registries, nor in medical dossiers of general practitioners. Besides, people 
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might not know if hearing loss runs in their family when their parents died before the 
typical age of onset of age-related hearing loss and if they have no (older) siblings. 
Instead of trying to find members of the high-risk group and offer them screening, it 
might be easier to recommend people with known hearing loss to make their children 
or siblings aware of their increased risk for hearing loss. 
The predictors that made a statistically significant contribution to the explanation of 
the interindividual variance in baseline and future hearing thresholds were higher age, 
male gender, manual occupation, and large waist circumference. The effects of the last 
two predictors were very small which makes them unsuitable as a base for target 
selection. The mean hearing thresholds of middle-aged and older men were found to 
be comparable to those of women who were approximately 8 to 9 years older, there-
fore, offering screening to women at a later age than to men may be considered in 
order to improve the cost-effectiveness of screening. 
The observational study (Chapter 5) gave insight in the relationship between age and 
hearing thresholds but did not directly provide information on the optimal age for 
screening. To determine the optimal target age, we examined the effect of target age 
on the cost-effectiveness ratio of screening using a state transition model (Chapter 6). 
The effect of offering screening later to women than to men could unfortunately not 
be assessed with this Markov model because gender-specific data on help-seeking and 
hearing aid uptake was unavailable. The model was used to calculate the costs per 
QALY of current practice (no screening) and 76 adult hearing screening strategies. The 
screening strategies varied in the age at first screening (either 50, 55, 60, 65, or 70 
years), the number of repeated screenings (up to five repetitions), the time interval 
between repeated screenings (either 5 or 10 years), and the type of screening (four 
types). In the Netherlands, screening is deemed cost-effective and may be considered 
for nationwide implementation if the costs are below € 20000 per QALY (Van den Berg 
et al., 2008). We found that all screening strategies were cost-effective compared to 
current practice. For each type of screening, the most cost-effective strategy was 
targeting the screening at people aged 50 with rescreening at ages 55, 60, 65, and 70.  
Type of screening 
Screening for ear age 
The qualitative study on adults’ reactions on screening (Chapter 2) is the first study 
ever in which people were screened for ear age. We expected that informing people 
with a hearing loss about their ear age would be more effective in stimulating them to 
seek help and start using hearing aids than showing them an audiogram. This hypothe-
sis was based on a study by Soureti and colleagues (2010) who found that people were 
more likely to make lifestyle changes when told what their heart age was than when 
given a risk percentage for cardiovascular disease. Calculation of the ear age was based 
on a comparison between measured hearing thresholds and age-specific population 
norms (Spoor et al., 1969). People with an ear age of 53 or lower were informed that 
their hearing was good; people with an ear age between 58 and 65 that their hearing 
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was sufficient; people with an ear age between 68 and 74 that they probably had a 
hearing loss; and people with an ear age of 77 or higher that they had a hearing loss. 
People with an ear age of 68 or higher were advised to consider having extensive 
diagnostic testing. The study participants regarded the discrepancy between their ear 
age and chronological age as a more valuable indicator of the severity of their hearing 
loss than the printed advice and audiogram. The ear age had a strong emotional 
impact on people whose chronological age was much lower than their ear age. 
Although the results did not prompt them to start using hearing aids immediately after 
the screening, because they felt they were too young, being informed about their ear 
age might help the hearing loss recognition and acknowledgement process. Presenting 
the screen outcome using the ear age was not suitable for adults aged 65 years or 
older because their ear age may turn out to be almost equal to or lower than their 
calendar age, even if they have a hearing impairment. Since the ear age tells those 
people their hearing is normal for their age, it may demotivate them to seek help. 
Using the ear age is therefore only recommended when the screening is targeted at 
adults who are younger than 65 years.  
Internet screening, telephone screening, or opportunistic screening at the GP practice 
The state transition model (Chapter 6) was used to examine the cost-effectiveness of 
current practice (no screening), telephone screening, internet screening, screening at 
the GP practice with a hand-held screening device (Siemens HearCheck Navigator), and 
screening at the GP practice with a standard audiometer. The two screenings at the GP 
practice were opportunistic strategies since the screenings were offered to people at 
the moment they visited the GP practice for whatever reason. For the telephone and 
internet screening, on the other hand, all adults from a certain age were invited by 
letter. We found that all types of screening were cost-effective compared to current 
practice. Opportunistic screening at the GP practice was generally more costly and less 
effective than telephone or internet screening. Internet screening was slightly more 
cost-effective than telephone screening. Internet screening at age 50, repeated at ages 
55, 60, 65, and 70 was the most cost-effective strategy, costing € 3699 per QALY. At a 
threshold of € 20000 per QALY this strategy had a probability of 100% to be cost-
effective compared to current practice and a probability of 69% to be more cost-
effective than any other strategy.   
The internet test used in this study was the National Hearing Test (www.hoortest.nl) 
that was developed by Smits and colleagues (2006). It is a non-commercial fully auto-
matic adaptive speech-in-noise test that uses digit-triplets as speech material. The test 
is highly accurate (Leensen et al., 2011). From the qualitative study on adults’ reactions 
to screening (Chapter 2) we know that, for a screening to be effective and harmless, 
screen participants should be convinced that the test is valid. Some people may have 
doubts about the validity of the internet test, for example because they do not under-
stand how the volume level of the computer boxes does not influence the test 
outcome. Such predictable concerns should be addressed in the screen invitation letter 
or on the website before the test starts. Advantages of the internet test with regard to 
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the test validity are that people can control the test environment (by removing 
distracting factors like environmental noise) and that they can redo the test as often as 
needed for them to believe the outcome. Other advantages of the internet test are 
that people do not have to leave their house for testing and that they can do the test 
at any time that suits them. Internet access hardly forms a barrier for internet screen-
ing nowadays in the Netherlands as 98% of adults aged between 45 and 55 years, 94% 
of adults aged between 55 and 65 years, and 85% of adults aged between 65 and 75 
years have access to internet at their home (Statistics Netherlands, 2013). Mentioning 
the telephone version of the National Hearing Test in the invitation letter for internet 
screening should be considered to make screening accessible for adults without inter-
net access as well.  
Methodological issues 
Objective versus subjective screen instrument 
A recent review of factors that influence help-seeking and hearing aid uptake 
concluded that both are more strongly related to perceived complaints than to audio-
metric hearing thresholds (Meyer & Hickson, 2012). This suggests that a subjective 
screen instrument (e.g. questionnaire on hearing disability or handicap) might be 
better suited for identifying people who could benefit from hearing aids than an 
objective screen instrument (e.g. screen audiometer). However, the only randomised 
controlled trial to the effectiveness of screening so far showed that screening with an 
objective screen instrument led to a larger increase in the 1-year incidence of hearing 
aid use than screening with a subjective screen instrument (Yueh et al., 2010). Screen-
ing with an objective screen instrument was also found to be more cost-effective than 
screening with a subjective screen instrument or an objective and subjective instru-
ment combined (Liu et al., 2011; Morris et al., 2013). Besides, Dutch GPs are more 
likely to refer someone with objectively assessed hearing impairment to a hearing care 
professional than someone with subjective hearing complaints alone (Eekhof et al., 
2000). We therefore recommend using an objective screen instrument for nationwide 
adult hearing screening. This thesis addressed the harms, effects, costs, and cost-
effectiveness of screening with an objective screen instrument only. The conclusions 
may not apply to screening with a subjective screen instrument.  
Rehabilitation options other than hearing aids 
Hearing aids are not acceptable to everyone (Chapter 2; Chapter 4; Davis et al., 2007), 
nor everyone who tries hearing aids is able to benefit (Chapter 3; Chapter 4). Several 
alternatives are available, like assistive listening devices and communication training 
programmes targeting speech recognition improvement or communication manage-
ment through speech reading training, hearing tactics, and coping training. People may 
not always be informed about these alternatives. For instance, none of the interview 
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participants were aware of the existence of rehabilitation options other than hearing 
aids. This may be the result of how hearing care is organised in the Netherlands. Adults 
with hearing complaints can turn directly to the hearing aid dispenser nowadays. 
Intervention of the general practitioner, audiologist, or Ear Nose Throat specialist is 
not necessary anymore. As a consequence, the task of providing information on 
rehabilitation options mainly lies at the hearing aid dispenser. It is therefore important 
that a screening programme includes provision of information on all possible rehabili-
tation options and on where or whom to turn to for each type of rehabilitation. 
Adults who seek help because they screened positive for hearing impairment probably 
have fewer and milder hearing complaints than (non-screened) self-motivated help-
seekers. Hence, their perceived need for rehabilitation and their willingness to try 
hearing aids will be lower and, if they would purchase hearing aids, the risk that they 
become non-users will be higher (Chapter 3). People with mild hearing impairment are 
more likely to choose communication training than hearing aid fitting when offered 
both options (Laplante-Lévesque et al., 2012a). Therefore, communication training 
may be of great value in a screening setting. Unfortunately, we could not assess the 
value of offering communication training after screening with our Markov model 
because of unavailability of data on communication training uptake and on its effect 
on quality of life. Communication training is known to have a long-term effect on 
reducing hearing handicap (Hickson et al., 2007), but its effect on quality of life has not 
been examined yet.  
Also in the study on the effects and costs of a screening and rehabilitation programme 
in residential care homes for the elderly (Chapter 4), rehabilitation was limited to 
hearing aid fitting. Maybe more residents would have benefitted from the programme 
if alternative rehabilitation options had been offered as well. However, since the main 
reason for elderly people for not taking up hearing aids is that they are more con-
cerned with trying to improve other aspects of their functioning which they perceive as 
more problematic than their hearing impairment (Gussekloo et al., 2003), they might 
not be motivated to put effort in communication training either. 
Unidentified harms of screening 
A limitation of the qualitative study to adults’ reactions on screening (Chapter 2) is that 
we cannot guarantee that all harmful effects have been captured. We interviewed 
adults who screened positive for hearing impairment and who reported to never or 
only occasionally have hearing complaints because we expected that, if screening 
would have a harmful effect, this would most likely become apparent in adults who 
unexpectedly screened positive. Whether screening can harm other screen partici-
pants was not studied. However, people whose screen outcome agrees with their 
perceived hearing status are unlikely to be harmed by the screening and people who 
unexpectedly screen negative will probably just be glad to hear that their hearing is 
not so bad after all.  
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Another reason for why we cannot guarantee that all harms have been identified is 
that only seven screen participants were interviewed. Although there were indications 
that data saturation had been reached, interviews with more adults would have been 
needed for confirmation. We were unable to interview more persons due to the 
difficulty to recruit participants and time constraints. Despite the efforts of several 
recruiters, it took 20 months to recruit the seven participants. There are several 
possible explanations for this difficult recruitment. First, the number of eligible people 
might have been low because few people without hearing complaints have their 
hearing tested in the absence of a systematic screening programme. Secondly, eligible 
people might not have been willing to participate because the test outcome may have 
been painful for them. Thirdly, eligible people might have refused to participate 
because they felt indignant about being unfairly labelled as hearing-impaired. And 
finally, eligible people might have been reluctant to participate because they feared 
the researcher would try to persuade them to purchase hearing aids. We regret that 
we did not register the number of eligible adults, the number of eligible adults refusing 
participation, and the reason(s) for refusal.  
Bias in target identification by noise exposure 
A limitation of the observational study to potential targets for high-risk group screen-
ing (Chapter 5) was that information on noise exposure was not available. Cross-
sectional studies have consistently reported an association between noise exposure 
and hearing loss (Van Eyken et al., 2007). The proportion of explained interindividual 
variance in baseline hearing thresholds would probably have been higher if infor-
mation on noise exposure had been included. Furthermore, the effect size of gender 
and type of occupation might have been slightly lower in a model that includes noise 
exposure because men and people with manual occupation are generally more likely 
to be exposed to noise than women and people with intellectual occupation. We do 
not expect that the gender difference would disappear completely after correction for 
noise exposure since previous studies to predictors of hearing loss in which noise 
exposure was corrected for found a gender difference as well. The effects of educa-
tional level, cardiovascular disease, diabetes, systemic inflammatory disease, hyper-
tension, obesity, waist circumference, smoking, and physical activity level would 
probably not be influenced by inclusion of noise exposure in the model. 
Measurement of quality of life gain  
The utility estimates that we used in the state transition model to determine gain in 
quality-adjusted life years were based on the Health Utility Mark Index 3 (HUI3) ques-
tionnaire because this instrument is the most sensitive to changes in utility scores after 
hearing aid fitting. Other multi-attribute utility instruments, like the HUI2, EQ-5D, and 
SF-6D, are less sensitive to such changes or even unable to measure a change at all 
(Barton et al., 2004; Bess, 2000; Grutters et al., 2007; Joore et al., 2003b; Vuorialho et 
al., 2006). The HUI3 is the recommended instrument for measuring utility values to 
assess health-related quality of life in hearing impairment because its good validity and 
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responsiveness (Yang et al., 2013). If another multi-attribute utility instrument had 
been used, adult hearing screening may not have been cost-effective. 
Current practice in hearing care 
In the state transition model, we used data on current practice from up to 15 years ago 
because more recent data was unavailable. Since several changes took place in hearing 
care in the past 15 years, the current practice scenario in the state transition model 
may not adequately represent actual current practice. Hearing aid technology has 
been greatly improved, for example, which may have led to higher hearing aid uptake 
after a trial, lower hearing aid discard, or greater benefit. Another important change is 
that hearing aid dispensing companies have started offering free screening and adver-
tise about this extra service. Also, telephone and internet screening tests have become 
freely available to the population. If these existing screenings had been taken into 
account in the current practice scenario, the incremental effect of the modelled 
screening strategies compared to current practice might have been lower. However, if 
the incremental effect of the screening strategies would be only half as high as mod-
elled, the incremental cost-effectiveness ratio would remain below € 20000 for all non-
dominated screening strategies, indicating that nationwide implementation of a (non-
commercial) screening programme would still be cost-effective. 
Conclusions and recommendations 
We aimed to gain more insight into how to design an adult hearing screening pro-
gramme for nationwide implementation in the Netherlands by answering the following 
four research questions: (1) Does screening cause harm and how can potential harms 
be prevented or minimised? (2) What should the screening programme include to 
prevent non-use of dispensed hearing aids? (3) What is the best target population? (4) 
What is the best screen instrument? 
We conclude that, to minimise the harms and maximise the effectiveness of adult 
hearing screening, effort should be put in convincing screen participants that the test is 
valid. One may deal with screen participants’ concerns on the test validity by giving a 
clear explanation of how the test works, by offering the screening in a silent environ-
ment without distracting factors, or by offering immediate rescreening. It is also 
important that the screening programme includes provision of information on all 
possible rehabilitation options and on where and whom to turn to for each type of 
rehabilitation. The likelihood that adults who purchase hearing aids become non-users 
will probably decrease when hearing aid fitting is chosen after careful consideration of 
all alternatives, including doing nothing. With regard to the selection of the target 
population, we found that the screening programme should be targeted at the general 
population aged 50, with rescreening at ages 55, 60, 65, and 70. One may consider 
offering screening to women at a later age than to men. People living in care homes 
for the elderly form no suitable target for screening. Although the majority of the 
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residents are hearing impaired and do not own hearing aids, very few residents pur-
chase hearing aids during the screening and rehabilitation programme. Based on the 
state transition model, it can be concluded that adult hearing screening is cost-
effective compared to no screening. Inviting people by letter to do the internet test 
was the most cost-effective screening strategy, followed by inviting people to do the 
telephone test. Opportunistic screening at the GP practice using a hand-held screening 
device or a standard audiometer was generally more costly and less effective. 
Since internet screening at age 50, repeated at ages 55, 60, 65, and 70 was found to be 
cost-effective, generally harmless, and highly accessible, we consider it eligible for 
nationwide implementation. However, before implementing this screening programme 
nationwide, we recommend a geographically localised pilot study of 1 year with 
internet screening at age 50 to verify whether the assumptions made in the cost-
effectiveness model for the first year hold up. A control group should be included to 
gain insight in the additional value of the screening programme next to existing 
screening programmes. Outcome measures that should be evaluated at the end of the 
pilot include: screen participation; harms of screening; steps taken in help-seeking in 
relation to the screen outcome; rehabilitation decisions; hearing aid use by people 
who purchase hearing aids; and the effects of rehabilitation on hearing disability, 
hearing handicap, and quality of life. Gender differences in these outcome measures 
should be examined to inform the decision on whether or not to start offering screen-
ing to women at a later age than to men, which seemed a promising strategy to 
increase the cost-effectiveness of screening based on the gender difference in the risk 
for hearing impairment. 
Our findings suggest that offering hearing aid self-efficacy training may be a fruitful 
strategy to prevent non-use of dispensed hearing aids. We therefore recommend 
development and validation of a Dutch questionnaire to measure hearing aid self-
efficacy, development of a hearing aid self-efficacy training programme, and research 
on the (cost-)effectiveness of such a training programme. Another area for future 
research is the value of the ear age in adult hearing screening. Presenting the screen 
outcome as an ear age seemed to be a useful strategy for adults under age 65. A 
longitudinal quantitative study is needed to assess whether a screen outcome pre-
sented as an ear age is indeed more effective in stimulating middle-aged adults to seek 
help and start rehabilitation than a screen outcome presented differently. In addition, 
more research is needed to the effects of assistive listening devices and communica-
tion training programmes on the quality of life of adults with a hearing impairment and 
to the cost-effectiveness of these rehabilitation options. 
Care home organisations willing to invest in improving the communication and social 
engagement of the residents are recommended to consider environmental changes, 
like utilization of sound absorbent materials in common rooms or changes in seating 
arrangements (Hickson, 2009; Looi et al., 2004; Pryce & Gooberman-Hill, 2012; Tolson 
& McIntosh, 1997). While a screening and rehabilitation programme targeted at the 
individual is beneficial for only a minority of the present residents, environmental 
improvements might be beneficial for all present residents as well as for all future 
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residents (Hickson, 2009). Furthermore, since hearing aid owners living in care homes 
for the elderly were highly interested in consulting a hearing care professional, we 
recommend future research to strategies to address this apparent unmet need for 
aftercare.  
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A national hearing screening programme for the general adult population 
Hearing loss is an important public health problem because of the large number of 
people involved and the negative consequences for affected, untreated people and 
their significant others (Chapter 1). Adult hearing screening has been proposed as a 
potential strategy to motivate adults to seek help early (Davis et al., 2007; Thodi et al., 
2013; Yueh et al., 2003). In 2003, on the authority of the Dutch minister of Health, 
Welfare and Sports, the Advisory Council on Health Research reviewed the literature 
on adult hearing screening and concluded that before implementing a national adult 
hearing screening programme, more information is needed on its cost benefit ratio 
and on organisational strategies to optimise this ratio (Raad voor Gezondheids-
onderzoek, 2003). More specific, the council recommended research to the cost-
effectiveness of screening, the right time for screening, the best target population, the 
acceptability of screening, the willingness to participate, strategies to improve 
participation, and factors that limit the effectiveness. Since this thesis addresses 
several of these topics, it contains valuable information for the Dutch government. 
We interviewed recently screened adults about their reactions to the hearing 
screening test (Chapter 2). The participants stated to have no difficulties with the 
acceptability of the screening. This was to be expected because the test was non-
invasive and because they had done the test by their own free will. The screening did 
not cause severe harms although some participants expressed feelings of indignation 
because they felt unfairly labelled as hearing-impaired. They believed that the test 
validity was poor. Adults with a positive judgment on the test validity were more likely 
to accept the screen outcome. Thus, to minimise the harms and maximise the 
effectiveness of screening, effort should be put in convincing screen participants that 
the test is valid. Our findings suggest that one may deal with screen participants’ 
concerns on the test validity by giving a clear explanation of how the test works, by 
offering the screening in a silent environment without distracting factors, and by 
offering immediate rescreening (using either the same or another screening test). It 
will be wise to explore potential doubts people may have about the validity of a 
particular screening test and to include measures that may remove these doubts 
before nationwide implementation of the screening programme. For example, people 
may have doubts about the validity of the internet test because they do not 
understand how the volume level of their computer boxes does not influence the test 
outcome. Such concern can be anticipated by addressing the topic in the screen 
invitation letter or on the website before the test starts. Also hearing aid dispensers 
who are currently offering hearing screening may be interested in Chapter 2 because 
knowing what reactions to screening are to be expected and why, gives them the 
opportunity to anticipate. 
To identify potential targets for high-risk group screening, we performed an 
observational study to predictors of hearing acuity (Chapter 5). Predictors included in 
this study were age, gender, type of occupation, educational level, cardiovascular 
disease, diabetes, systemic inflammatory disease, hypertension, obesity, waist 
circumference, smoking, and physical activity level. Cross-sectional as well as 
longitudinal regression analyses were performed. In the age-stratified regression 
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models, only 11% to 21% of the interindividual variance in hearing thresholds was 
explained by the non-audiometric predictors, which suggests that interindividual 
differences in hearing thresholds are primarily attributed to genetic variation. The 
predictors that made a statistically significant contribution to the explanation of the 
interindividual variance in baseline and future hearing thresholds were higher age, 
male gender, manual occupation, and large waist circumference. The effects of the last 
two predictors were very small which makes them unsuitable as a base for target 
selection. The mean hearing thresholds of middle-aged and older men were found to 
be comparable to those of women who were approximately 8 to 9 years older, 
therefore, offering screening to women at a later age than to men may be considered 
in order to improve the cost-effectiveness of screening. 
The observational study (Chapter 5) gave insight in the relationship between age and 
hearing thresholds but did not directly provide information on the right time for 
screening. To determine the right time for screening, we examined the effect of target 
age on the cost-effectiveness ratio of screening using a state transition model (Chapter 
6). The effect of offering screening later to women than to men could unfortunately 
not be assessed with this model because gender-specific data on help-seeking and 
hearing aid uptake was unavailable. The model was used to calculate the costs per 
quality-adjusted life year (QALY) of current practice (no screening) and 76 adult 
hearing screening strategies. The screening strategies varied in the age at first 
screening (either 50, 55, 60, 65, or 70 years), the number of repeated screenings (up to 
five repetitions), the time interval between repeated screenings (either 5 or 10 years), 
and the type of screening which was either telephone screening, internet screening, 
screening at the practice of the general practitioner (GP) with a hand-held screening 
device, or screening at the GP practice with a standard audiometer. The two 
screenings at the GP practice were opportunistic strategies since the screenings were 
offered to people at the moment they visited the GP practice for whatever reason. For 
the telephone and internet screening, on the other hand, all adults from a certain age 
were invited by letter. In the Netherlands, screening is deemed cost-effective and may 
be considered for nationwide implementation if the costs are below € 20000 per QALY 
(Van den Berg et al., 2008). We found that all screening strategies were cost-effective 
compared to current practice. For each type of screening, the most cost-effective 
strategy was targeting the screening at people aged 50 with rescreening at ages 55, 60, 
65, and 70. Opportunistic screening at the GP practice was generally more costly and 
less effective than telephone or internet screening. Internet screening was slightly 
more cost-effective than telephone screening. 
Internet screening at age 50, repeated at ages 55, 60, 65, and 70 was the most cost-
effective strategy, costing € 3699 per QALY (Chapter 6). At a threshold of € 20000 per 
QALY this strategy had a probability of 100% to be cost-effective compared to current 
practice and a probability of 69% to be more cost-effective than any other strategy. 
The internet test used in this study was the National Hearing Test (www.hoortest.nl) 
that was developed by Smits and colleagues (2006). It is a non-commercial fully 
automatic adaptive speech-in-noise test that uses digit-triplets as speech material. The 
test is highly accurate (Leensen et al., 2011). Advantages of the internet test with 
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regard to the test validity are that people can control the test environment (by 
removing distracting factors like environmental noise) and that they can redo the test 
as often as needed for them to believe the outcome. Other advantages of the internet 
test are that people do not have to leave their house for testing and that they can do 
the test at any time that suits them. Internet access hardly forms a barrier for internet 
screening nowadays in the Netherlands as 98% of adults aged between 45 and 55 
years, 94% of adults aged between 55 and 65 years, and 85% of adults aged between 
65 and 75 years have access to internet at their home (Statistics Netherlands, 2013). 
Since internet screening at age 50, repeated at ages 55, 60, 65, and 70 was found to be 
cost-effective, generally harmless, and highly accessible, we consider it eligible for 
nationwide implementation. Mentioning the telephone version of the National Hearing 
Test in the invitation letter for internet screening should be considered to make 
screening accessible for the few adults without internet access as well. Before 
implementing this screening programme nationwide, we recommend a geographically 
localised pilot study of 1 year with internet screening at age 50 to verify whether the 
assumptions made in the cost-effectiveness model for the first year hold up. A control 
group should be included to gain insight in the additional value of the screening 
programme next to existing screening programmes. Outcome measures that should be 
evaluated at the end of the pilot include: screen participation; harms of screening; 
steps taken in help-seeking in relation to the screen outcome; rehabilitation decisions; 
hearing aid use by people who purchase hearing aids; and the effects of rehabilitation 
on hearing disability, hearing handicap, and quality of life. Gender differences in these 
outcome measures should be examined to inform the decision on whether or not to 
start offering screening to women at a later age than to men, which seemed a 
promising strategy to increase the cost-effectiveness of screening based on the gender 
difference in the risk for hearing impairment. 
The findings in this thesis indicate that implementing a national adult hearing 
screening programme will be a cost-effective strategy to improve the wellbeing of the 
general adult population. Implementation of such a screening programme will have 
positive consequences for hearing care professionals as well because their clientele 
will probably increase, resulting in a higher turnover and higher profits. 
Comprehensive counselling to prevent non-use of dispensed hearing aids 
Chapter 3 gives insight in potential strategies to prevent non-use of dispensed hearing 
aids. Hearing aid dispensers may use our findings to optimise their services. An 
important strategy to prevent non-use of dispensed hearing aids is by offering 
comprehensive counselling and training during the hearing aid trial. Boas and 
colleagues (2001) found that a counselling programme was a cost-effective strategy to 
decrease non-use among new hearing aid owners. Our study identified two topics that 
should definitely be addressed in a counselling programme. First, the programme 
should address the limitations of hearing aids. People should be assisted to understand 
and accept the hearing aids’ limitations. Secondly, the counselling programme should 
address hearing aid self-efficacy: people should become confident that they are able to 
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become successful hearing aid users. Someone’s hearing aid self-efficacy can be 
measured at the time of hearing aid fitting, using the MARS-HA (measure of audiologic 
rehabilitation self-efficacy for hearing aids) questionnaire developed by West and 
Smith (2007). Knowing someone’s level of hearing aid self-efficacy can assist the 
hearing care professional in determining whether or not the person needs intensive 
hearing aid self-efficacy training during the hearing aid trial in order to become a 
successful hearing aid user. By building hearing aid self-efficacy, adults will be more 
motivated to adjust to hearing aids, persevere when hearing aid difficulties arise, and 
apply more effort toward successful hearing aid use. Smith and West (2006) and 
Meyer and colleagues (2014) described a number of strategies for enhancing hearing 
aid self-efficacy, including role play and motivational coaching by hearing care 
professionals or significant others. 
Market opportunities related to hearing care for elderly care home residents 
Most residents of care homes for the elderly have a hearing loss, but only a minority of 
them owns hearing aids (Cohen-Mansfield & Taylor, 2004; Stumer at al., 1996; Tolson, 
1997; Tsuruoka et al., 2001). A possibly lucrative business strategy for hearing aid 
dispensers to reach this large pool of potential clients is by offering in-house hearing 
screening and rehabilitation. The evaluation study that is reported on in Chapter 4 may 
be of interest to hearing aid dispensers because it gives insight in the size of the 
potential hearing aid client pool in residential care homes for the elderly in the 
Netherlands and because it shows the effect of offering an in-house hearing screening 
and rehabilitation programme on hearing aid sales. Assuming that screen participation 
among residents without previously fit hearing aids was independent of their 
audiometric hearing status, it could be calculated that 92% of the residents of the 
included care homes had a hearing loss of 35 dB or more (best-ear pure-tone average 
at 1, 2, and 4 kHz). Approximately 72% of the residents with a hearing loss, that is 66% 
of all residents, had no hearing aid(s) at the start of the programme. The study was 
performed in 2010 when a binaural hearing loss was required for (partial) hearing aid 
reimbursement. Since January 2013 also people with a monaural hearing loss are 
entitled to partial hearing aid reimbursement. Consequently, the pool of potential new 
hearing aid clients in care homes for the elderly might be even greater than 66% 
nowadays. The willingness to try hearing aids among the hearing impaired residents 
without a previously fit hearing aid was low (14%), as was the success rate of the 
hearing aid trials (46%). Compared to the large number of potential new hearing aid 
clients (66% of all residents), the actual number of new hearing aid owners at the end 
of the programme was disappointing (4% of all residents). This finding is important for 
hearing aid dispensers who consider offering hearing screening and rehabilitation in 
residential care homes for the elderly. 
We also found that approximately one-fifth of the care home residents who already 
owned hearing aids were interested in consulting a hearing care professional and that 
two-thirds of them had their hearing aids adjusted or replaced during the programme. 
This reflects a high level of unmet need for aftercare. Hearing aid dispensers may 
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therefore consider to regularly visit care homes to offer hearing aid aftercare. 
However, taking into account the absolute number of hearing aid owners per care 
home, offering in-house aftercare might not be very profitable for hearing aid 
dispensers. Each care home housed on average 88 adults: 65 without and 23 with 
hearing aids. Four or five of the hearing aid owning residents were interested in 
consulting a hearing care professional and three of them chose for hearing aid 
adjustment or replacement. This finding informs hearing aid dispensers on the 
expected value of offering aftercare in care homes for the elderly. 
The screening and rehabilitation programme that we organised in the care homes 
resulted in only a slight increase in hearing aid ownership among the residents with a 
hearing loss (from 28% to 33%). The low hearing aid uptake during the programme 
indicates that most of the oldest elderly without hearing aids do not choose for 
hearing rehabilitation by hearing aid fitting, not even when possible mobility barriers 
are eliminated. Gussekloo and colleagues (2003), who came to a similar conclusion, 
reported that the major reason for not starting rehabilitation was that most elderly 
were at the same time concerned with trying to improve other aspects of their 
functioning which they perceived as more problematic than their hearing loss. This is 
probably also the reason for the low programme effectiveness in our study since care 
homes typically house frail elderly suffering from multiple comorbidities (ActiZ, 2010). 
We expect that the programme’s effectiveness would not have been much higher if 
communication training had been offered as an alternative to hearing aid fitting 
because learning new communication tactics also costs effort. Therefore, care home 
organisations willing to invest in improving the communication and social engagement 
of the residents are recommended to consider environmental changes, like utilization 
of sound absorbent materials in common rooms or changes in seating arrangements 
(Hickson, 2009; Looi et al., 2004; Pryce & Gooberman-Hill, 2012; Tolson & McIntosh, 
1997). While a screening and rehabilitation programme targeted at the individual is 
beneficial for only a minority of the present residents, environmental improvements 
might be beneficial for all present residents as well as for all future residents (Hickson, 
2009). A market opportunity for hearing care professionals is offering consultancy 
services to care homes for the elderly regarding optimisation of the listening 
environment in the (common) rooms. 
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Untreated hearing loss can have multiple negative consequences including social 
isolation, loneliness, psychosocial distress, depression, and poor quality of life. Despite 
the availability of several rehabilitation options, adults generally postpone seeking help 
until five to ten years after the onset of their hearing loss. Adult hearing screening has 
been proposed as a potential strategy to motivate adults to seek help earlier. How-
ever, to be eligible for nationwide implementation, a screening programme should 
meet several universal criteria (Chapter 1).  
The objective of this thesis is to gain more insight into how to design an adult hearing 
screening programme for nationwide implementation. The focus is on minimisation of 
the harms of screening, prevention of non-use of dispensed hearing aids, and selection 
of the target population and type of screening. 
Minimising harms of screening 
The most important criterion a nationwide screening programme should fulfil is that 
the overall benefits should outweigh the harms. To identify potential harms of 
screening and clues for prevention or minimisation of these harms, we performed a 
qualitative study on the reactions of adults without hearing complaints to being 
labelled as hearing-impaired based on an objective hearing screening test. This study is 
described in Chapter 2. The specific population was selected because we expected 
that, if screening would have a harmful effect, it would most likely become apparent in 
adults who unexpectedly screened positive for hearing impairment. Individual face-to-
face, semi-structured interviews were conducted with seven adults (aged 52–79 
years). Thematic analysis of the interviews showed that screening causes no or little 
harm. The only indicator of harm in this study was that some participants felt indignant 
about the screen outcome because they felt they were being unfairly labelled as 
hearing-impaired. Expression of indignation was related to the people’s beliefs with 
regard to the validity of the screening test. Thus, to minimise the harms of screening, 
effort should be put in convincing screen participants that the test is valid. 
Preventing non-use of dispensed hearing aids 
Another criterion a nationwide screening programme should fulfil is that there should 
be an acceptable treatment or rehabilitation option. Hearing aid fitting, the conven-
tional rehabilitation option for people with hearing loss, is generally considered 
acceptable. Nevertheless, up to a quarter of the people who own hearing aids never 
use them. Chapter 3 reports on a qualitative study that aimed to increase our under-
standing of hearing aid non-users in order to get clues for non-use prevention. Individ-
ual face-to-face, semi-structured interviews were completed with 11 hearing aid 
owners (aged 54–80 years) who reported that they never or hardly ever used their 
hearing aids. The study findings suggest that non-use of dispensed hearing aids may 
partly be prevented by more careful consideration whether hearing aid fitting is 
indeed the most suitable rehabilitation option for a particular help-seeker before 
starting a hearing aid trial. Offering comprehensive counselling and hearing aid self-
efficacy training during the hearing aid trial may prevent hearing aid non-use as well. 
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Target population 
The target population should be clearly defined before a screening programme is 
considered for nationwide implementation. Chapter 4 describes a pilot study on the 
costs and effects of a screening (pure-tone audiometry) and rehabilitation (hearing 
aids) programme that was organised in eight residential care homes for the elderly. 
The costs were € 1896 per successfully rehabilitated resident. Hearing aid ownership 
among the residents with hearing loss increased from 28% at the start of the pro-
gramme to 33% at the end. Given the limited effectiveness, we conclude that care 
home residents form no suitable target for a nationwide hearing screening 
programme. Remarkable is that approximately one-fifth of the care home residents 
who already owned hearing aids were interested in consulting a hearing care profes-
sional and two-thirds of them had their hearing aids adjusted or had purchased one or 
two new hearing aids during the programme. These numbers reflect a high level of 
unmet need for aftercare. Future research to strategies to address this unmet need is 
recommended. 
Also Chapter 5 is about target selection. It describes an observational study that aimed 
to identify predictors of hearing thresholds (best-ear pure-tone average at 1, 2, and 4 
kHz) and hearing deterioration in order to define potential (high-risk) target groups for 
hearing screening. We analysed data from the Maastricht Aging Study, a Dutch cohort 
(aged 24–81 years; N=1721) that was observed for 12 years. Mixed model analysis was 
used to calculate each participant’s average hearing threshold deterioration rate 
during the follow-up period. We built ordinary least square linear regression models to 
predict the baseline threshold and deterioration rate. Potential predictors included in 
these models were age, gender, type of occupation, educational level, cardiovascular 
disease, diabetes, systemic inflammatory disease, hypertension, obesity, waist 
circumference, smoking, and physical activity level. Poorer baseline thresholds were 
found to be strongly associated with faster hearing deterioration. Higher age, male 
gender, manual occupation, and large waist circumference were statistically signifi-
cantly associated with poorer baseline thresholds and faster deterioration. The effects 
of the last two predictors were very small which makes them unsuitable as a base for 
target selection. The mean hearing thresholds of middle-aged and older men were 
found to be comparable to those of women who were approximately 8 to 9 years 
older, therefore, offering screening to women at a later age than to men may be 
considered in order to improve the cost-effectiveness of screening. 
The observational study described in Chapter 5 gave insight in the relationship 
between age and hearing thresholds but did not directly provide information on the 
optimal age for screening. To determine the optimal age, we examined the influence 
of target age on the cost-effectiveness ratio of screening using a state transition 
model. This model, presented in Chapter 6, was used to calculate the costs per quality-
adjusted life year (QALY) of current practice (no screening) and 76 adult hearing 
screening strategies. The screening strategies varied in the age at first screening (either 
50, 55, 60, 65, or 70 years), the number of repeated screenings (up to five repetitions), 
the time interval between repeated screenings (either 5 or 10 years), and the type of 
screening (four types). In the Netherlands, screening is deemed cost-effective and may 
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be considered for nationwide implementation if the costs are below € 20000 per QALY. 
We found that all screening strategies were cost-effective compared to current prac-
tice. For each type of screening, the most cost-effective strategy was targeting the 
screening at people aged 50 with rescreening at ages 55, 60, 65, and 70. 
Type of screening 
The state transition model from Chapter 6 was also used to determine what type of 
screening would be best. We analysed and compared the costs and effects of the 
following four types of screening: telephone screening, internet screening, screening at 
the practice of the general practitioner (GP) with a hand-held screening device, and 
screening at the GP practice with a standard audiometer. The two screenings at the GP 
practice were opportunistic strategies since the screenings were offered to people at 
the moment they visited the GP practice for whatever reason. For the telephone and 
internet screening, on the other hand, all adults from a certain age were invited by 
letter. We found that all types of screening were cost-effective compared to current 
practice. Opportunistic screening at the GP practice was generally more costly and less 
effective than telephone or internet screening. Internet screening was slightly more 
cost-effective than telephone screening. Internet screening at age 50, repeated at ages 
55, 60, 65, and 70 was the most cost-effective strategy, costing € 3699 per QALY. At a 
threshold of € 20000 per QALY this strategy had a probability of 100% to be cost-
effective compared to current practice and a probability of 69% to be more cost-
effective than any other strategy. 
In addition, the qualitative study from Chapter 2 informed us about screen partici-
pants’ thoughts on having the screen outcome presented as an ear age. The partici-
pants considered the ear age to be a valuable indicator of the severity of their hearing 
loss. Our findings suggest that presenting the screen outcome as an ear age would be a 
useful strategy, but only for adults younger than 65 years. However, a longitudinal 
quantitative study is needed to determine whether a screen outcome presented as an 
ear age is indeed more effective in stimulating middle-aged adults to seek help and 
start rehabilitation than a screen outcome presented differently. 
Discussion 
In Chapter 7 the studies presented in this thesis are reviewed and discussed. Internet 
screening at age 50, repeated at ages 55, 60, 65, and 70 was concluded to be cost-
effective, harmless, and highly accessible. We consider it eligible for nationwide 
implementation and recommend starting a geographically localised pilot. The screen-
ing programme should include provision of information on all possible rehabilitation 
options and on whom and where to turn to for each type of rehabilitation. Important 
areas for future research include the (cost-)effectiveness of hearing aid self-efficacy 
training during a hearing aid trial, the uptake and (cost-)effectiveness of rehabilitation 
options other than hearing aids, the impact of ear age presentation on help-seeking, 
and strategies to address the unmet need for hearing aid aftercare among hearing aid 
owners living in care homes for the elderly.  
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Slechthorendheid kan veel negatieve gevolgen hebben die (deels) voorkomen of 
verholpen kunnen worden door communicatietraining en door het gebruik van hoor-
toestellen of andere hoorhulpmiddelen. Desondanks wachten volwassenen gemiddeld 
vijf tot tien jaar alvorens zij hulp zoeken voor hun gehoorklachten. Gehoorscreening 
kan mensen motiveren om eerder hulp te zoeken. Om in aanmerking te komen voor 
nationale implementatie moet een screeningsprogramma echter aan verschillende 
universele eisen voldoen (Hoofdstuk 1).  
Het doel van dit proefschrift is om meer inzicht te verwerven in hoe een 
gehoorscreeningsprogramma voor volwassenen het best vormgegeven kan worden. 
De focus ligt op het beperken van schadelijke effecten van screening, preventie van 
niet-gebruik van verstrekte hoortoestellen en selectie van de doelpopulatie en het 
type screening. 
Schadelijke effecten van screening beperken 
Het belangrijkste criterium waaraan een nationaal screeningsprogramma moet vol-
doen is dat de voordelen moet opwegen tegen de nadelen. Hoofdstuk 2 beschrijft een 
kwalitatieve studie naar de reacties van volwassenen zonder gehoorklachten wanneer 
zij op basis van een objectieve screeningstest als slechthorend worden bestempeld. 
Het doel van deze studie was om eventuele schadelijke effecten van screening in kaart 
te brengen en om inzicht te krijgen in mogelijke manieren om deze schadelijke 
effecten te voorkomen of beperken. Deze specifieke populatie was gekozen omdat we 
verwachtten dat, mocht screening schadelijke effecten hebben, deze hoogstwaar-
schijnlijk zouden optreden bij volwassenen die onverwacht positief screenen voor 
slechthorendheid. Voor deze studie werden zeven volwassenen geïnterviewd binnen 
twee weken na de screening. De enige aanwijzing voor een schadelijk effect van 
screening was dat sommige deelnemers verontwaardiging uitten vanwege het feit dat 
zij zich onterecht bestempeld voelden als slechthorend. Verontwaardiging was vooral 
gerelateerd aan hun perceptie van de testvaliditeit. Om de schadelijke effecten van 
screening te beperken moet daarom getracht worden screendeelnemers ervan te 
overtuigen dat de screeningstest valide is.  
Preventie van niet-gebruik van verstrekte hoortoestellen 
Een ander criterium waaraan een nationaal screeningsprogramma moet voldoen is dat 
er een acceptabele behandeling beschikbaar dient te zijn. Hoortoestelgebruik, de 
gangbare behandeling voor slechthorendheid, wordt in het algemeen gezien als 
acceptabel. Desondanks gebruikt een kwart van de hoortoestelbezitters hun hoor-
toestel nooit. Hoofdstuk 3 beschrijft een kwalitatieve studie die bedoeld was om niet-
gebruikers beter te leren begrijpen en inzicht te verwerven in mogelijke aanknopings-
punten voor preventie van niet-gebruik. We hebben 11 volwassenen geïnterviewd die 
hoortoestellen bezaten maar deze niet of nauwelijks gebruikten. De bevindingen 
suggereren dat niet-gebruik van verstrekte hoortoestellen mogelijk deels kan worden 
voorkomen door terughoudender te zijn met hoortoestelverstrekking. Voordat gestart 
wordt met een hoortoestelproef dient voor elke hulpzoeker individueel te worden 
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nagegaan of hoortoestelaanpassing daadwerkelijk de meest geschikte behandeling is. 
Ook uitgebreide advisering en hoortoesteltraining (gericht op het vergroten van 
iemands zelfvertrouwen met betrekking tot succesvol hoortoestelgebruik) tijdens de 
hoortoestelproef draagt waarschijnlijk bij aan preventie van niet-gebruik van ver-
strekte hoortoestellen. 
Doelpopulatie 
De doelpopulatie dient duidelijk gedefinieerd te zijn wil een screeningsprogramma in 
aanmerking komen voor nationale implementatie. Hoofdstuk 4 presenteert een 
pilotstudie naar de kosten en effecten van een screening (toonaudiometrie) en rehabi-
litatie (hoortoestellen) programma dat georganiseerd was in acht verzorgingshuizen. 
De kosten bedroegen € 1896 per succesvol gerehabiliteerde bewoner. Hoortoestel-
bezit onder slechthorende bewoners was toegenomen van 28% vóór de start van het 
programma tot 33% aan het einde. Aangezien slechts een beperkt aantal slecht-
horende bewoners in deze pilotstudie koos voor rehabilitatie concluderen we dat 
verzorgingshuisbewoners geen geschikte doelpopulatie vormen voor een nationaal 
gehoorscreeningsprogramma. Opmerkelijk is dat ongeveer een-vijfde van de bewoners 
die al een hoortoestel bezaten geïnteresseerd was in een consult met een hoor-
specialist en dat twee-derde van hen hun hoortoestel liet aanpassen of een nieuw of 
extra hoortoestel aanschafte tijdens het programma. Er was blijkbaar een grote 
behoefte aan nazorg.  
Hoofdstuk 5 rapporteert over een observationele studie naar voorspellers van gehoor-
drempels met als doel het verwerven van inzicht in mogelijke doelgroepen voor (hoog-
risicogroep) screening. Gehoordrempels bleken niet of slechts zwak samen te hangen 
met het type arbeid, opleidingsniveau, cardiovasculaire aandoeningen, diabetes 
mellitus, chronische ontstekingsziekten, hypertensie, obesitas, tailleomvang, roken en 
lichamelijk activiteit. Selectie van de doelpopulatie op basis van deze factoren is 
daarom niet interessant. De gehoordrempels van mannen waren vergelijkbaar met die 
van vrouwen die 8 à 9 jaar ouder waren. Dit suggereert dat de kosteneffectiviteit van 
gehoorscreening mogelijk kan worden geoptimaliseerd door bij vrouwen op een latere 
leeftijd te beginnen met screenen dan bij mannen.  
Hoewel de observationele studie van Hoofdstuk 5 inzicht gaf in de relatie tussen 
leeftijd een gehoordrempels konden hier geen conclusies aan verbonden worden met 
betrekking tot de optimale leeftijd voor screening. Om de optimale leeftijd voor 
screening te bepalen hebben we daarom de invloed van de leeftijd van de doelpopula-
tie op het kosteneffectiviteitsratio van screening onderzocht met behulp van een 
Markov model. Dit model, beschreven in Hoofdstuk 6, hebben we gebruikt om de 
kosten per voor kwaliteit gecorrigeerd levensjaar te berekenen voor de huidige praktijk 
(geen nationaal gehoorscreeningsprogramma) en 76 screeningsstrategieën. De strate-
gieën varieerden in de leeftijd van de doelpopulatie bij de eerste screening (50, 55, 60, 
65 of 70), het aantal herhaalde screenings (tot vijf herhalingen), de tijd tussen her-
haalde screenings (vijf of tien jaar) en het type screening (vier types). In Nederland 
wordt screening kosteneffectief geacht als de kosten lager zijn dan € 20000 per voor 
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kwaliteit gecorrigeerd levensjaar. Alle screeningsstrategieën waren kosteneffectief ten 
opzichte van geen screening. Elk type screening was het meest kosteneffectief 
wanneer gestart werd op een leeftijd van 50 jaar met herhaling na 5, 10, 15 en 20 jaar. 
Type screening 
Het Markov model van Hoofdstuk 6 is ook gebruikt voor de selectie van het meest 
geschikte type screening. De volgende vier typen screening zijn ermee geanalyseerd: 
telefoonscreening, internetscreening, screening in de huisartspraktijk met een draag-
baar screeningsapparaat en screening in de huisartspraktijk met een standaard audio-
meter. Voor de telefoon- en internetscreening werden mensen uitgenodigd middels 
een brief. De andere twee screeningstypen zijn opportunistisch: ze werden aangebo-
den op het moment dat iemand de huisartspraktijk bezocht, ongeacht de reden van 
het bezoek. Alle screeningstypen waren kosteneffectief ten opzichte van geen 
screening. Opportunistische screening in de huisartspraktijk was over het algemeen 
duurder en minder effectief dan telefoon- en internetscreening. Internetscreening was 
iets kosteneffectiever dan telefoonscreening. De meest kosteneffectieve screenings-
strategie was internetscreening op een leeftijd van 50 jaar met herhaling na 5, 10, 15 
en 20 jaar. Deze strategie kostte € 3699 per voor kwaliteit gecorrigeerd levensjaar. Bij 
de drempel van € 20000 per voor kwaliteit gecorrigeerd levensjaar was deze strategie 
met 100% zekerheid kosteneffectief ten opzichte van geen screening en met 69% 
zekerheid kosteneffectiever dan elke andere strategie. 
Het screeningsinstrument dat gebruikt was in de kwalitatieve studie van Hoofdstuk 2 
gaf de screeningsuitslag op drie manieren weer: een audiogram, een tekstboodschap, 
en een hoorleeftijd. De screendeelnemers zagen de hoorleeftijd als de meest waarde-
volle indicator van de ernst van hun gehoorverlies. Onze bevindingen suggereren dat 
het presenteren van de hoorleeftijd een zinvolle methode is voor mensen onder de 65. 
Echter, een longitudinale kwantitatieve studie is nodig om te bepalen of een 
screeningsuitslag weergegeven als hoorleeftijd inderdaad effectiever is in het stimule-
ren van volwassenen om hulp te zoeken en te starten met rehabilitatie dan een andere 
weergave. 
Discussie 
Tenslotte worden in Hoofdstuk 7 de verschillende studies uit dit proefschrift bediscus-
sieerd. Ook worden de onderzoeksvragen beantwoord en aanbevelingen gedaan voor 
toekomstig onderzoek. Geconcludeerd wordt dat internetscreening op een leeftijd van 
50 jaar met herhaling na 5, 10, 15 en 20 jaar een kosteneffectieve, onschadelijke en 
toegankelijke screeningsstrategie is. Deze strategie lijkt geschikt te zijn voor nationale 
implementatie, maar we raden aan eerst een lokale pilot uit te voeren. Informatiever-
strekking over alle mogelijke rehabilitatieopties en over naar wie en waar men toe kan 
voor elk type rehabilitatie dient onderdeel uit te maken van het screeningsprogramma. 
Onderzoek is nodig naar strategieën om te voorzien in de behoefte aan nazorg onder 
hoortoestelbezitters die in verzorgingshuizen wonen. Verder is onderzoek nodig naar 
de (kosten-)effectiviteit van hoortoesteltraining gericht op het vergroten van iemands 
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zelfvertrouwen met betrekking tot succesvol hoortoestelgebruik. Andere belangrijke 
gebieden voor verder onderzoek zijn de kosteneffectiviteit van rehabilitatieopties 
anders dan hoortoestellen en de impact van hoorleeftijd op het zoeken van hulp voor 
slechthorendheid. 
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Het is gelukt! Na ruim vier jaar ploeteren is mijn proefschrift eindelijk af. Nu is het 
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